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HYDROXY ALKYL AMINES 

This application claims priority from U.S. Provisional 
Application Ser. No. 60/343,772, filed Dec. 28, 2001, U.S. 
Provisional Application Ser. No. 60/332,639, filed Nov. 19, 5 
2001, and U.S. Provisional Application Ser. No. 60/295,332, 
filed Jun. 1, 2001. 

BACKGROUND OF THE INVENTION 
10 

1. Field of the Invention 
The invention relates to hydroxyalkylamine derivates and 

to such compounds that are useful in the treatment of 
Alzheimer's disease and similar diseases. More specifically 
the invention is directed to Such compounds that are capable 15 
of inhibiting beta-secretase, an enzyme that cleaves amyloid 
precursor protein to produce amyloid beta peptide (A-beta), 
a major component of the amyloid plaques found in the 
brains of Alzheimer's sufferers. 

2. Description of the Related Art 2O 
Alzheimer's disease (AD) is a progressive degenerative 

disease of the brain primarily associated with aging. Clinical 
presentation of AD is characterized by loss of memory, 
cognition, reasoning, judgment, and orientation. As the 
disease progresses, motor, sensory, and linguistic abilities 25 
are also affected until there is global impairment of multiple 
cognitive functions. These cognitive losses occur gradually, 
but typically lead to severe impairment and eventual death 
in the range of four to twelve years. 

Alzheimer's disease is characterized by two major patho- 30 
logic observations in the brain: neurofibrillary tangles and 
beta amyloid (or neuritic) plaques, comprised predominantly 
of an aggregate of a peptide fragment know as A-beta. 
Individuals with AD exhibit characteristic beta-amyloid 
deposits in the brain (beta amyloid plaques) and in cerebral 35 
blood vessels (beta amyloid angiopathy) as as neurofibrillary 
tangles. Neurofibrillary tangles occur not only in Alzhe 
imer's disease but also in other dementia-inducing disorders. 
On autopsy, large numbers of these lesions are generally 
found in areas of the human brain important for memory and 40 
cognition. 

Smaller numbers of these lesions in a more restricted 
anatomical distribution are found in the brains of most aged 
humans who do not have clinical AD. Amyloidogenic 
plaques and vascular amyloid angiopathy also characterize 45 
the brains of individuals with Trisomy 21 (Down's Syn 
drome), Hereditary Cerebral Hemorrhage with Amyloidosis 
of the Dutch-Type (HCHWA-D), and other neurogenerative 
disorders. Beta-amyloid is a defining feature of AD, now 
believed to be a causative precursor or factor in the devel- 50 
opment of disease. Deposition of A-beta in areas of the brain 
responsible for cognitive activities is a major factor in the 
development of AD. Beta-amyloid plaques are predomi 
nantly composed of amyloid beta peptide (A-beta, also 
sometimes designated betaA4). A-beta peptide is derived by 55 
proteolysis of the amyloid precursor protein (APP) and is 
comprised of 39–42 amino acids. Several proteases called 
secretases are involved in the processing of APP. 

Cleavage of APP at the N-terminus of the A-beta peptide 
by beta-secretase and at the C-terminus by one or more 60 
gamma-secretases constitutes the beta-amyloidogenic path 
way, i.e. the pathway by which A-beta is formed. Cleavage 
of APP by alpha-secretase and the same or a different 
gamma-secretase produces alpha-SAPP, a secreted form of 
APP that does not result in beta-amyloid plaque formation. 65 
This alternate pathway precludes the formation of A-beta 
peptide. A description of the proteolytic processing frag 

2 
ments of APP is found, for example, in U.S. Pat. Nos. 
5,441,870; 5,721,130; and 5,942,400. 
An aspartyl protease has been identified as the enzyme 

responsible for processing of APP at the beta-secretase 
cleavage site. The beta-secretase enzyme has been disclosed 
using varied nomenclature, including BACE, Asp, am 
Mamepsin. See, for example, Sindha et.al., 1999, Nature 
402:537–554 (p501) and published PCT application WO00/ 
17369. 

Several lines of evidence indicate that progressive cere 
bral deposition of beta-amyloid peptide (A-beta) plays a 
seminal role in the pathogenesis of AD and can precede 
cognitive symptoms by years or decades. See, for example, 
Selkoe, 1991, Neuron 6:487. Release of A-beta from neu 
ronal cells grown in culture and the presence of A-beta in 
cerebrospinal fluid (CSF) of both normal individuals and AD 
patients has been demonstrated. See, for example, Seubert et 
al., 1992, Nature 359:325–327. 

It has been proposed that A-beta peptide accumulates as 
a result of APP processing by betasecretase, thus inhibition 
of this enzyme’s activity is desirable for the treatment of 
AD. In vivo processing of APP at the beta-secretase cleavage 
site is thought to be a rate-limiting step in A-beta production, 
and is thus a therapeutic target for the treatment of AD. See 
for example, Sabbagh, M., et al., 1997, Alz. Dis. Rev. 3, 
1-19. 

BACE1 knockout mice fail to produce A-beta, and 
present a normal phenotype. When crossed with transgenic 
mice that over express APP, the progeny show reduced 
amounts of A-beta in brain extracts as compared with 
control animals (Luo et.al., 2001 Nature Neuroscience 
4:231-232). This evidence further supports the proposal that 
inhibition of beta-secretase activity and reduction of A-beta 
in the brain provides a therapeutic method for the treatment 
of AD and other beta amyloid disorders. 
At present there are no effective treatments for halting, 

preventing, or reversing the progression of Alzheimer's 
disease. Therefore, there is an urgent need for pharmaceu 
tical agents capable of slowing the progression of Alzhe 
imer's disease and/or preventing it in the first place. 
Compounds that are effective inhibitors of beta-secretase, 

that inhibit beta-secretase-mediated cleavage of APP, that 
are effective inhibitors of A-beta production, and/or are 
effective to reduce amyloid beta deposits or plaques, are 
needed for the treatment and prevention of disease charac 
terized by amyloid beta deposits or plaques, such as AD. 

Various pharmaceutical agents have been proposed for the 
treatment of Alzheimer's disease but without any real suc 
CCSS, 

Compounds that are effective inhibitors of beta-secretase 
activity, that inhibit beta-secretase-mediated cleavage of 
APP, or that are effective inhibitors of A-beta production or 
deposition are needed for the treatment and prevention of 
disease characterized by beta-amyloid deposits or plaques, 
including AD. 
At present there are no effective treatments for halting, 

preventing, or reversing the progression of Alzheimer's 
disease. There is an urgent need for compounds capable of 
slowing A-beta peptide production and/or deposition in the 
brain, which presents a therapeutic approach to treatment of 
Alzheimer's disease. 

SUMMARY OF THE INVENTION 

In a broad aspect, the invention provides compounds of 
the formula X 
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X 
OH R20 

RN 
> N N 

R20 Re 

R. R. Rs 

and the pharmaceutically acceptable salts thereof, wherein 
Ry is: 

1 Z (CH)-CHC(O)- 
Y n1 

wherein 
Ra is selected from the group consisting of H; NH; —NH 
(CH), Ra; - NHRs: —NRsC(O)Rs: C-C alkyl 
NHC(O)Rs: —(CH) Rs: —O C-C alkanoyl; OH: 
Co-Co aryloxy optionally substituted with 1, 2, or 3 
groups that are independently halogen, C-C alkyl, 
—COH, -C(O)—C-C alkoxy, or C-C alkoxy; 
C-C alkoxy: aryl C-C alkoxy; —NRsCORs: 
—C-C alkyl-NRso,CORs; —C=N; —CF; —CF 
CF; —C=CH; —CH2—CH=CH, -(CH) Ra; 

(CH2). NH-Ra: O—(CH), R.; S 
(CH), R.; —(CH2). NHC (O)—(CH) Rs: 
—(CH) Rs (CH) Rs, wherein 
n is 0, 1, 2, or 3: 
n, is 0, 1, 2, or 3: 
Ra is selected from the group consisting of -SO, 
(C-C alkyl). —SO—(C-C alkyl). —S-(C–Cs 
alkyl). —S CO—(C-C alkyl). —SO NR-Ra: 
—CO-C-C alkyl, -CO—NRR: 

R2 and Ras are independently H, C-C alkyl, or C-C, 
cycloalkyl; 

Ra is alkyl, arylalkyl, alkanoyl, or arylalkanoyl; 
Rae is —H or C-C alkyl: 
Rs is selected from the group consisting of C-C, 

cycloalkyl: C-C alkyl optionally substituted with 1, 
2, or 3 groups that are independently halogen, 
—NRR-7, C-C alkoxy, Cs-C heterocycloalkyl, 
Cs-C heteroaryl, C-C aryl, C-C, cycloalkyl 
C-C alkyl, —S C-C alkyl, -SO, C-C alkyl, 
—COH, -CONRR-7, -CO, C-C alkyl, Co-Co 
aryloxy; heteroaryl optionally substituted with 1, 2, or 
3 groups that are independently C-C alkyl, C-C 
alkoxy, halogen, C-C haloalkyl, or OH: heterocy 
cloalkyl optionally substituted with 1, 2, or 3 groups 
that are independently C-C alkyl, C-C alkoxy, 
halogen, or C-C alkanoyl: aryl optionally substituted 
with 1, 2, 3, or 4 groups that are independently halogen, 
OH, C-C alkyl, C-C alkoxy, or C-C haloalkyl, 
and —NRR7; wherein 
Re and R7 are independently selected from the group 

consisting of H. C-C alkyl, C-C alkanoyl, phe 
nyl, -SO-C-C alkyl, phenyl C-C alkyl; 

Rs is selected from the group consisting of —SO-het 
eroaryl, -SO-aryl, -SO,-heterocycloalkyl, -SO 
C-C alkyl, —C(O)NHR, heterocycloalkyl, 
—S-C-C alkyl, -S-C-C alkanoyl, wherein 
Ro is aryl C-C alkyl, C-C alkyl, or H; 
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4 
Rso is H or C-C alkyl, 
Rs is selected from the group consisting of aryl C-C, 

alkyl: C-C alkyl optionally substituted with 1, 2, or 3 
groups that are independently halogen, cyano, het 
eroaryl, - NRR-7, C(O)NRR-7, C-C, cycloalkyl, 
or —C-C alkoxy; heterocycloalkyl optionally Substi 
tuted with 1 or 2 groups that are independently C-C, 
alkyl, C-C alkoxy, halogen, C-C alkanoyl, aryl 
C-C alkyl, and —SO, C-C alkyl; alkenyl; alkynyl: 
heteroaryl optionally substituted with 1, 2, or 3 groups 
that are independently OH, C-C alkyl, C-C alkoxy, 
halogen, NH, NH(C-C alkyl) or N(C-C alkyl) 
(C-C alkyl); heteroarylalkyl optionally substituted 
with 1, 2, or 3 groups that are independently C-C, 
alkyl, C-C alkoxy, halogen, NH2, NH(C-C alkyl) 
or N(C-C alkyl)(C-C alkyl): aryl; heterocy 
cloalkyl, C-C cycloalkyl; and cycloalkylalkyl, 
wherein the aryl; heterocycloalkyl, C-C cycloalkyl, 
and cycloalkylalkyl groups are optionally substituted 
with 1, 2, 3, 4 or 5 groups that are independently 
halogen, CN, NO, C-C alkyl, C-C alkoxy, C-C, 
alkanoyl, C-Chaloalkyl, C-Chaloalkoxy, hydroxy, 
C-C hydroxyalkyl, C-C alkoxy C-C alkyl, C-C, 
thioalkoxy, C–C thioalkoxy C-C alkyl, or C-C, 
alkoxy C-C alkoxy; 

Rs is heterocycloalkyl, heteroaryl, aryl, cycloalkyl, 
—S(O). C-C alkyl, COH, -C(O)NH2. —C(O) 
NH(alkyl), —C(O)N(alkyl)(alkyl), —CO-alkyl, 
—NHS(O)o C-C alkyl, - N(alkyl)S(O)o- 
C-C alkyl, - S(O)o-heteroaryl. —S(O)--aryl, 
—NH(arylalkyl). —N(alkyl)(arylalkyl), thioalkoxy, or 
alkoxy, each of which is optionally substituted with 1, 
2, 3, 4, or 5 groups that are independently alkyl, alkoxy, 
thioalkoxy, halogen, haloalkyl, haloalkoxy, alkanoyl, 
NO, CN, alkoxycarbonyl, or aminocarbonyl: 

Rs is absent, —O—, —C(O)— —NH , —N(alkyl)-. 
—NH-S(O) , —N(alkyl)-S(O)o , —S 
(O)o NH , —S(O)o N(alkyl)-, -NH-C 
(S)- , or —N(alkyl)-C(S)—: 

Rs is heteroaryl, aryl, arylalkyl, heterocycloalkyl, COH, 
—CO-alkyl, —C(O)NH(alkyl), —C(O)N(alkyl) 
(alkyl), —C(O)NH, C-C alkyl, OH, aryloxy, alkoxy, 
arylalkoxy, NH, NH(alkyl), N(alkyl)(alkyl), or 
—C-C alkyl-CO-C-C alkyl, each of which is 
optionally substituted with 1, 2, 3, 4, or 5 groups that 
are independently alkyl, alkoxy, COH, -CO-alkyl, 
thioalkoxy, halogen, haloalkyl, haloalkoxy, hydroxy 
alkyl, alkanoyl, NO, CN, alkoxycarbonyl, or ami 
nocarbonyl: 

X is selected from the group consisting of —C-C alky 
lidenyl optionally optionally substituted with 1, 2, or 3 
methyl groups; and —NRae -, or 

Ra and Rae combine to form —(CH), , wherein 
no is 1, 2, 3, or 4: 

Z is selected from the group consisting of a bond; SO; SO; 
S; and C(O); 

Y is selected from the group consisting of H; C-C, 
haloalkyl, Cs-C heterocycloalkyl; Co-Co aryl; OH: 
—NCY)(Y); C–C alkyl optionally substituted with 1 
thru 3 substituents which can be the same or different and 
are selected from the group consisting of halogen, 
hydroxy, alkoxy, thioalkoxy, and haloalkoxy; C–Cs 
cycloalkyl optionally substituted with 1, 2, or 3 groups 
independently selected from C-C alkyl, and halogen; 
alkoxy, aryl optionally Substituted with halogen, alkyl, 
alkoxy, CN or NO: arylalkyl optionally substituted with 
halogen, alkyl, alkoxy, CN or NO; wherein 
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Y and Y are the same or different and are H; C–Co. 
alkyl optionally substituted with 1, 2, or 3 substituents 
Selected from the group consisting of halogen, C-C 
alkoxy, C–Cs cycloalkyl, and OH: C-C alkenyl: 
C-C alkanoyl; phenyl; —SO C-C alkyl, phenyl 
C-C alkyl; or C-C cycloalkyl C-C alkyl; or 

Y.Y. and the nitrogen to which they are attached form 
a ring selected from the group consisting of piperazi 
nyl, piperidinyl, morpholinyl, and pyrolidinyl, wherein 
each ring is optionally Substituted with 1, 2, 3, or 4 
groups that are independently C-C alkyl, C-C, 
alkoxy, C-C alkoxy C-C alkyl, or halogen; 

Ro at each occurrence is independently selected from the 
group consisting of hydrogen, C-C alkyl, C-C alkoxy, 
C-C alkoxy C-C alkyl, hydroxy C-C alkyl, halo 
C-C alkyl, C-C alkanoyl, each of which is unsubsti 
tuted or substituted with 1, 2, 3, or 4 groups independently 
Selected from halogen, alkyl, hydroxy, alkoxy, and NH2, 
and —R-R-7, wherein 
R is selected from the group consisting of —C(O)—, 

SO , CO , C(O)NH , and C(O) 
N(C-C alkyl)-; 

R, is selected from the group consisting of C-C alkyl, 
C-C alkoxy, aryl C-C alkyl, heterocycloalkyl, and 
heteroaryl, wherein each of the above is unsubstituted 
or substituted with 1, 2, 3, 4, or 5 groups that are 
independently C-C alkyl, C-C alkoxy, halogen, 
haloalkyl, hydroxyalkyl, —C(O)NH, NH, NH(C-C, 
alkyl), N(C-C alkyl)(C-C alkyl), —C(O)NH 
(C-C alkyl), —C(O)N(C-C alkyl)(C-C alkyl); 

R is —(CH), S(O) (C-C alkyl), or 
C-C alkyl optionally substituted with 1, 2, or 3 groups 

independently selected from halogen, OH, =O. —SH, 
—C=N. —CF, —C-C alkoxy, amino, mono- or 
dialkylamino, N(R)C(O)R’ —OC(=O)-amino 
and —OC(=O)-mono- or dialkylamino, or 

C-C alkenyl or C-C alkynyl, each of which is option 
ally substituted with 1, 2, or 3 groups independently 
selected from halogen, —OH, -SH, —C=N. —CF, 
C-C alkoxy, amino, and mono- or dialkylamino, or 

aryl, heteroaryl, heterocyclyl. —C-C alkyl-aryl, 
—C-C alkyl-heteroaryl, or —C-C alkyl-heterocy 
clyl, where the ring portions of each are optionally 
Substituted with 1, 2, 3, or 4 groups independently 
selected from halogen, —OH, -SH, -C=N. 
—NRos Ros —COR, —N(R)COR', or N(R) 
SOR', —C(=O) (C-C)alkyl, -SO-amino, 
—SO-mono or dialkylamino. —C(=O)-amino, 
—C(=O)-mono or dialkylamino. —SO (C-C) 
alkyl, or 

—C-C alkoxy optionally Substituted with 1, 2, or 3 
groups which are independently a halogen, or 

C-C, cycloalkyl optionally substituted with 1, 2, or 3 
groups independently selected from halogen, —OH, 
—SH, -C=N. —CF, C-C alkoxy, amino. —C-C, 
alkyl and mono- or dialkylamino, or 

C-C alkyl optionally Substituted with 1, 2, or 3 groups 
independently selected from halogen, OH, -SH, 
—C=N. —CF, —C-C alkoxy, amino, mono- or 
dialkylamino and —C-C alkyl, or 

C-C alkenyl or C-C alkynyl each of which is 
optionally Substituted with 1, 2, or 3 groups indepen 
dently selected from halogen, —OH, -SH, —C=N. 
—CF, C-C alkoxy, amino, C-C alkyl and mono 
or dialkylamino; and 

the heterocyclyl group is optionally further substituted 
with oxo; 
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6 
R and R' independently are hydrogen or C-Co alkyl, 
R is selected from the group consisting of H; C-C alkyl, 

optionally substituted with 1, 2, or 3 substituents that are 
independently selected from the group consisting of 
C-C alkyl, halogen, —OH, -SH, -C=N. —CF, 
C-C alkoxy, and —NRR, wherein 
R, and R, are —H or C-C alkyl; 
—(CH2)4-aryl; —(CH2)o-heteroaryl; C-C alkenyl: 
C-C alkynyl; —CONRR: —SONRR: 
—COH; and —CO (C-C alkyl); 

R is selected from the group consisting of H; C-C alkyl, 
optionally substituted with 1, 2, or 3 substituents inde 
pendently selected from the group consisting of C-C, 
alkyl, halogen, —OH, -SH, -C=N. —CF, C-C, 
alkoxy, and —NRR: —(CH2)4-aryl; —(CH2)4- 
heteroaryl; C-C alkenyl: C-C alkynyl: —CO—N 
RyRs, -SO. NR Rys: —COH; and —CO— 
O—(C-C alkyl); or 

R. R. and the carbon to which they are attached form a 
carbocycle of three thru seven carbon atoms, wherein one 
carbon atom is optionally replaced by a group selected 
from —O— —S , —SO , or —NR -: 

R is selected from the group consisting of C-C alkyl 
optionally Substituted with 1, 2, or 3 groups independently 
selected from the group consisting of Ros, 
—OC=ONR sRao. —S(=O)2(C-C alkyl). —SH, 
—NRC=ONR Rao. —C=ONRs Rao, and 
—S(=O)NRsRao. —(CH)—(C-C) cycloalkyl 
wherein the cycloalkyl is optionally substituted with 1, 2, 
or 3 groups independently selected from the group con 
sisting of Ros, -COH, and —CO (C-C alkyl); 
—(CR245R2so)o-4-aryl; —(CR-24s R2so)o-a-heteroaryl; 
—(CR-24s R2so)o-a-heterocycloalkyl, -(CR-24s R2so)oa 
aryl-heteroaryl; —(CRR so)oa-aryl-heterocycloalkyl, 
—(CR-24s R2so)oa-aryl-aryl: —(CR245R2so)o-a-het 
eroaryl-aryl; —(CR2sR2so)o-a-heteroaryl-heterocy 
cloalkyl; —(CR2 as R-2so)o-a-heteroaryl-heteroaryl; 
—(CRs Rso)o-heterocycloalkyl-heteroaryl; 
—(CRs Rso)o-heterocycloalkyl-heterocycloalkyl, 
—(CRs Rso)o-heterocycloalkyl-aryl; —C(Rass) 
(Reo). CO—N—(Rass), —CH(aryl), —CH(het 
eroaryl); —CH (heterocycloalkyl). —CH(aryl)(het 
eroaryl); cyclopentyl, cyclohexyl, or cycloheptyl ring 
fused to aryl, heteroaryl, or heterocycloalkyl wherein one 
carbon of the cyclopentyl, cyclohexyl, or cycloheptyl is 
optionally replaced with NH, NRs, O, or S(=O), and 
wherein the cyclopentyl, cyclohexyl, or cycloheptyl 
group can be optionally Substituted with 1 or 2 groups that 
are independently Ros or =O. —CO NRs Ro: 
—SO (C-C alkyl); C Coalkenyl optionally Sub 
stituted with 1, 2, or 3 Ros groups: C-C alkynyl 
optionally substituted with 1, 2, or 3 Ros groups; 
—(CH)-CH((CH2). OH)-(CH2). -aryl; 
—(CH)—CHR (CH)--heteroaryl; —CH(-aryl 
or -heteroaryl)-CO O(C-C alkyl); —CH(—CH2— 
OH)—CH (OH)-phenyl-NO (C-C alkyl)-O-(C-C, 
alkyl)-OH: CH NH-CH CH( O CH 
CH), —H; and —(CH2). C(=NRs) (NRR): 
wherein 
each aryl is optionally Substituted with 1, 2, or 3 Roo, 
each heteroaryl is optionally substituted with 1, 2, 3, or 4 

R200; 
each heterocycloalkyl is optionally substituted with 1, 2, 

3, or 4 Ro: 
Roo at each occurrence is independently selected from 

the group consisting of C-C alkyl optionally substi 
tuted with 1, 2, or 3 Ros groups; OH: —NO, halogen; 
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- COH: C=N; —(CH2). CO—NRRs: 
-(CH2). CO (C-C alkyl);-(CH), CO 
(C-C alkenyl); —(CH) CO—(C-C alky 
nyl); —(CH2). CO—(C-C, cycloalkyl); 
—(CH2). CO-aryl; —(CH2). CO-heteroaryl; 
—(CH2). CO-heterocycloalkyl; —(CH2) - 
CO2R-21s; -(CH2). SO-NRoRs: 
—(CH2). SO—(C-C alkyl); -(CH)o a SO, 
(C-C, alkyl); —(CH) SO (C-C, 
cycloalkyl); —(CH2). N(H or Rs)—CORs: 
—(CH2)o N(H O Rs)—CO—N(Rs); 
—(CH2) a N–CS N(Rs); —(CH2). N(-H 

-(CH2)o O-(R2s): —(CH2). O—(Rs)— 
COOH, -(CH2). S-(Rs); -(CH). O— 
(C-C alkyl optionally substituted with 1, 2, 3, or 5 
—F); C C, cycloalkyl, C-C alkenyl optionally Sub 
stituted with 1 or 2 Ros groups: C-C alkynyl option 
ally Substituted with 1 or 2 Ros groups; —(CH2) - 
N(H or Rs)—SO Rao, and —(CH) C-C, 
cycloalkyl; 
wherein each aryl group at each occurrence is option 

ally substituted with 1, 2, or 3 groups that are 
independently Ros, Rio or C-C alkyl Substituted 
with 1, 2, or 3 groups that are independently Ros or 
R21o: 

wherein each heterocycloalkyl group at each occur 
rence is optionally Substituted with 1, 2, or 3 groups 
that are independently Ro: 

wherein each heteroaryl group at each occurrence is 
optionally substituted with 1, 2, or 3 groups that are 
independently Ros, Rio, or C-C alkyl substituted 
with 1, 2, or 3 groups that are independently Ros or 
R21o: 

Ros at each occurrence is independently selected from 
the group consisting of C-C alkyl, halogen, —OH, 
—O-phenyl, -SH, -C=N. —CF, C-C alkoxy, 
NH, NH(C-C alkyl), and N—(C-C alkyl)(C-C, 
alkyl); 

Ro at each occurrence is independently selected from 
the group consisting of C-C alkyl optionally substi 
tuted with 1, 2, or 3 Ros groups; C-C alkenyl 
optionally substituted with 1, 2, or 3 Ros groups; 
C-C alkynyl optionally substituted with 1, 2, or 3 
Ros groups; halogen; C1-C alkoxy; C1-C, 
haloalkoxy; —NRRs; OH: C=N; C-C, 
cycloalkyl optionally Substituted with 1, 2, or 3 Ros 
groups; —CO—(C-C alkyl); —SO NRRo: 
—CO—NRsRao. —SO (C-C alkyl) and =O; 
wherein 

Rs at each occurrence is independently selected from 
the group consisting of C-C alkyl, -(CH2)-(aryl), 
C-C alkenyl, C-C alkynyl, C. C., cycloalkyl, and 
—(CH2)-(heteroaryl), —(CH2)-2-(heterocy 
cloalkyl); wherein the aryl group at each occurrence is 
optionally substituted with 1, 2, or 3 groups that are 
independently Ros or Ro, wherein the heterocy 
cloalkyl group at each occurrence is optionally Substi 
tuted with 1, 2, or 3 Ro: wherein each heteroaryl 
group at each occurrence is optionally Substituted with 
1, 2, or 3 Ro: 

R22 and R22s at each occurrence are independently 
Selected from the group consisting of —H. —C-C, 
alkyl, hydroxy C-C alkyl, amino C-C alkyl; halo 
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8 
C-C alkyl, -C-C-7 cycloalkyl, —(C-C alkyl)- 
(C-C, cycloalkyl). —(C-C alkyl)-O-(C-C, 
alkyl), —C-C alkenyl, —C-C alkynyl, -C-C, 
alkyl chain with one double bond and one triple 
bond, -aryl, -heteroaryl, and -heterocycloalkyl; wherein 
the aryl group at each occurrence is optionally substi 
tuted with 1, 2, or 3 Rao groups, wherein 

R27o at each occurrence is independently Ros, C-C, 
alkyl optionally substituted with 1, 2, or 3 Ros groups: 
C-C alkenyl optionally substituted with 1, 2, or 3 
Ros groups: C-C alkynyl optionally Substituted with 
1, 2, or 3 Ros groups; halogen; C1-C alkoxy; C1-C 
haloalkoxy: NR Rao, OH: C=N; C C, cycloalkyl 
optionally substituted with 1, 2, or 3 Ros groups: 
—CO (C-C alkyl); SO = NR2ss Rao. —CO 
NRSRao. —SO (C-C alkyl); and =O; wherein 
the heterocycloalkyl group at each occurrence is 
optionally substituted with 1, 2, or 3 Ros groups; 
wherein each heteroaryl group at each occurrence is 
optionally Substituted with 1, 2, or 3 Ros groups; 

Rs and Rao at each occurrence are independently H, or 
C-C alkyl; 

R2s and R2so at each occurrence are independently 
Selected from the group consisting of H. C-C alkyl, 
C-C hydroxyalkyl, C-C alkoxy, C–Chaloalkoxy, 
—(CH2). C. C., cycloalkyl, C-C alkenyl, C-C, 
alkynyl, aryl C-C alkyl, heteroaryl C-C alkyl, and 
phenyl; or 

Ras and Raso are taken together with the carbon to which 
they are attached to form a carbocycle of 3, 4, 5, 6, or 
7 carbon atoms, optionally where one carbon atom is 
replaced by a heteroatom selected from the group 
consisting of —O— —S— —SO , and 
—NRo—; 

R2ss and R2so at each occurrence are independently 
Selected from the group consisting of H; C-C alkyl 
optionally substituted with 1, 2, or 3 Ros groups; 
C-C alkenyl optionally substituted with 1, 2, or 3 
Ros groups: C-C alkynyl optionally Substituted with 
1, 2, or 3 Ros groups: -(CH2). S(O) (C-C, 
alkyl); —(CH2) a C-C-7 cycloalkyl optionally Sub 
stituted with 1, 2, or 3 Ros groups; —(C-C alkyl)- 
aryl; —(C-C alkyl)-heteroaryl; —(C-C alkyl)-het 
erocycloalkyl, -aryl, -heteroaryl; -heterocycloalkyl, 
—(CH) Res-(CH2)-aryl; —(CH) - 
R2s (CH2)o-a-heteroaryl; and, -(CH2) a R2s 
(CH) -heterocycloalkyl, wherein Res at each occur 
rence is independently —O— —S— or —N(C-C, 
alkyl)-; 
each aryl or phenyl is optionally substituted with 1, 2, 

or 3 groups that are independently Ros. Rao, or 
C-C alkyl Substituted with 1, 2, or 3 groups that are 
independently Ros or Ro: 

each heteroaryl is optionally substituted with 1, 2, 3, or 
4 Roo, each heterocycloalkyl is optionally Substi 
tuted with 1, 2, 3, or 4 Rao. 

The invention also encompasses methods for the treat 
ment or prevention of Alzheimer's disease, mild cognitive 
impairment Downs syndrome, Hereditary Cerebral Hem 
orrhage with Amyloidosis of the Dutch-Type, cerebral amy 
loid angiopathy, other degenerative dementias, dementias of 
mixed vascular and degenerative origin, dementia associated 
with Parkinson's disease, dementia associated with progres 
sive Supranuclear palsy, dementia associated with cortical 
basal degeneration, diffuse Lewy body type of Alzheimer's 
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disease compriseing administration of a therapeutically 
effective amount of a compound or salt of formula X, to a 
patient in need thereof. 

Preferably, the patient is a human. 
More preferably, the disease is Alzheimer's disease. 
More preferably, the disease is dementia. 
The invention also provides pharmaceutical compositions 

comprising a compound or salt of formula X and at least one 
pharmaceutically acceptable carrier, solvent, adjuvant or 
diluent. 
The invention also provides the use of a compound or salt 

according to formula X for the manufacture of a medica 
ment. 
The invention also provides the use of a compound or salt 

of formula X for the treatment or prevention of Alzheimer's 
disease, mild cognitive impairment Down's syndrome, 
Hereditary Cerebral Hemorrhage with Amyloidosis of the 
Dutch-Type, cerebral amyloid angiopathy, other degenera 
tive dementias, dementias of mixed vascular and degenera 
tive origin, dementia associated with Parkinson's disease, 
dementia associated with progressive Supranuclear palsy, 
dementia associated with cortical basal degeneration, or 
diffuse Lewy body type of Alzheimer's disease. 
The invention also provides compounds, pharmaceutical 

compositions, kits, and methods for inhibiting beta-secre 
tase-mediated cleavage of amyloid precursor protein (APP). 
More particularly, the compounds, compositions, and meth 
ods of the invention are effective to inhibit the production of 
A-beta peptide and to treat or prevent any human or veteri 
nary disease or condition associated with a pathological 
form of A-beta peptide. 
The compounds, compositions, and methods of the inven 

tion are useful for treating humans who have Alzheimer's 
Disease (AD), for helping prevent or delay the onset of AD, 
for treating patients with mild cognitive impairment (MCI), 
and preventing or delaying the onset of AD in those patients 
who would otherwise be expected to progress from MCI to 
AD, for treating Down's syndrome, for treating Hereditary 
Cerebral Hemorrhage with Amyloidosis of the Dutch Type, 
for treating cerebral beta-amyloid angiopathy and prevent 
ing its potential consequences such as single and recurrent 
lobar hemorrhages, for treating other degenerative demen 
tias, including dementias of mixed vascular and degenera 
tive origin, for treating dementia associated with Parkin 
son's disease, dementia associated with progressive 
Supranuclear palsy, dementia associated with cortical basal 
degeneration, and diffuse Lewy body type AD, and for 
treating frontotemporal dementias with parkinsonism 
(FTDP). 
The compounds of the invention possess beta-secretase 

inhibitory activity. The inhibitory activities of the com 
pounds of the invention is readily demonstrated, for 
example, using one or more of the assays described herein 
or known in the art. 

Unless the substituents for a particular formula are 
expressly defined for that formula, they are understood to 
carry the definitions set forth in connection with the pre 
ceeding formula to which the particular formula makes 
reference. 
The invention also provides methods of preparing the 

compounds of the invention and the intermediates used in 
those methods. 

DETAILED DESCRIPTION OF THE 
INVENTION 

As noted above, the invention provides compound of 
Formula X. 

In alternate aspects of the invention, Rs is is a C-Cs 
cycloalkyl optionally substituted with one or two groups that 
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10 
are C-C alkyl, more preferably C-C alkyl, C-C, 
alkoxy, more preferably C-C alkoxy, CF, OH, NH, 
NH(C-C alkyl), N(C-C alkyl)(C-C alkyl), halogen, 
CN, or NO. 

In this aspect, preferred Rs groups are C-C cycloalkyl 
groups optionally substituted with 2, more preferably 1 
group selected from methyl, ethyl, OH, halogen, preferably 
F or Cl, methoxy or ethoxy. Other preferred Rs groups 
within this aspect are C-C cycloalkyl groups substituted 
with 1 or 2 groups that are independently CF, Cl, F, methyl, 
ethyl or cyano. 

Preferred compounds of formula X include those of 
formula X-I, i.e., compounds of formula X wherein 
R is (CH2), —(R) where n is Zero or one and R 

is phenyl optionally Substituted with 1, 2, 3, or 4 groups 
independently selected from C-C alkyl optionally Sub 
stituted with 1, 2, or 3 substituents selected from the group 
consisting of C-C alkyl, halogen, —OH, -SH, -N 
R. R. —C=N. —CF, and C-C alkoxy; halogen; 
C-C alkoxy; —NR Ry, and OH, wherein 
R and Rx at each occurrence are independently 

Selected from the group consisting of —C-Cs alkyl 
optionally Substituted with 1, 2, or 3 groups indepen 
dently selected from the group consisting of —OH, 
—NH2, phenyl and halogen; —C-Cs cycloalkyl, 
—(C-C alkyl)-(C-C cycloalkyl); —(C-C alkyl)- 
O—(C-C alkyl); —C-C alkenyl; —C-C alkynyl: 
—C-C alkyl chain with one double bond and one 
triple bond: aryl; heteroaryl; heterocycloalkyl; or 
R. R. and the nitrogen to which they are attached 

form a 5, 6, or 7 membered heterocycloalkyl or het 
eroaryl group, wherein said heterocycloalkyl or het 
eroaryl group is optionally fused to a benzene, pyridine, 
or pyrimidine ring, and said groups are unsubstituted or 
substituted with 1, 2, 3, 4, or 5 groups that at each 
occurrence are independently C-C alkyl, C-C, 
alkoxy, halogen, halo C-C alkyl, halo C-C alkoxy, 
—CN, NO. —NH2, NH(C-C alkyl), N(C-C, 
alkyl)(C-C alkyl), -OH, -C(O)NH = C(O)NH 
(C-C alkyl). —C(O)N(C-C alkyl)(C-C alkyl). 
C-C alkoxy C-C alkyl, C-C thioalkoxy, and 
C-C thioalkoxy C-C alkyl. 

More preferred compounds of formula X-I include those 
of formula X-II, i.e., compounds of formula X-I wherein 
R and R are independently selected from H or C-C alkyl 

optionally substituted with 1, 2, or 3 substituents selected 
from the group consisting of C-C alkyl, halogen, —OH, 
—SH, -C=N. —CF, C-C alkoxy, and —NRR-. 
Preferred compounds of formula X-II include those 

wherein 
R is selected from the group consisting of C-Co alkyl 

optionally Substituted with 1, 2, or 3 groups independently 
selected from the group consisting of Ros, 
—OC=ONRs Rao. —S(=O) (C-C alkyl). —SH, 
—NRC=ONR Rao. —C=ONRs Rao and 
—S(=O)NRsRao. —(CH)—(C-C) cycloalkyl 
wherein the cycloalkyl is optionally substituted with 1, 2, 
or 3 groups independently selected from the group con 
sisting of Ros, -COH, and —CO (C-C alkyl); 
—(CR245R2so)o-4-aryl; —(CR245R2so)o-a-heteroaryl: 
—(CRs Rso)o-heterocycloalkyl, —C(Rass) 
(Reo). CO—N—(Rass), —CH(aryl), —CH(het 
eroaryl); —CH(heterocycloalkyl). —CH(aryl)(het 
eroaryl); —CO—NRRo: —(CH2) —CH 
((CH), OH)—(CH2)-aryl; —(CH2) —CHR - 
(CH)o-heteroaryl; —CH(-aryl or -heteroaryl)-CO—O 
(C-C alkyl); —CH(—CH2—OH)—CH (OH)-phenyl 
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NO (C-C alkyl)-O (C-C alkyl)-OH: —CH2— 
NH-CH CH ( O CH-CH); —H; and 
—(CH2). C(=NRs) (NRSRao); wherein 
each aryl is optionally Substituted with 1, 2, or 3 Roo, 
each heteroaryl is optionally substituted with 1, 2, 3, or 4 

R200: 
each heterocycloalkyl is optionally substituted with 1, 2, 

3, or 4 Ro: 
Roo at each occurrence is independently selected from 

the group consisting of C-C alkyl optionally substi 
tuted with 1, 2, or 3 Ros groups; OH: —NO, halogen; 
- COH: C=N; —(CH2). CO—NRRs: 
—(CH2). CO—(C-C alkyl); —(CH2) - 
CORs, and —(CH), O—(C-C alkyl option 
ally substituted with 1, 2, 3, or 5 —F); 
wherein each aryl group at each occurrence is option 

ally substituted with 1, 2, or 3 groups that are 
independently Ros, Rio or C-C alkyl Substituted 
with 1, 2, or 3 groups that are independently Ros or 
R21o: 

wherein each heterocycloalkyl group at each occur 
rence is optionally Substituted with 1, 2, or 3 groups 
that are independently Ro: 

wherein each heteroaryl group at each occurrence is 
optionally substituted with 1, 2, or 3 groups that are 
independently Ros, Rao, or C-C alkyl Substituted 
with 1, 2, or 3 groups that are independently Ros or 
R21o: 

Ros at each occurrence is independently selected from 
the group consisting of C-C alkyl, halogen, —OH, 
—O-phenyl, -SH, -C=N. —CF, C-C alkoxy, 
NH, NH(C-C alkyl), and N—(C-C alkyl)(C-C, 
alkyl); 

Ro at each occurrence is independently selected from 
the group consisting of C-C alkyl optionally substi 
tuted with 1, 2, or 3 Ros groups; halogen; C–C 
alkoxy; C-C haloalkoxy; —NRRs, OH: C=N; 
C. C., cycloalkyl optionally substituted with 1, 2, or 3 
Ros groups; —CO—(C-C alkyl); —SO 
NRs Rao. —CO—NRs Rao. —SO (C-C, 
alkyl); and =O; wherein 

Rs at each occurrence is independently selected from 
the group consisting of C-C alkyl, -(CH2)-(aryl), 
C-C, cycloalkyl, and —(CH2)-2-(heteroaryl), 
—(CH2)-(heterocycloalkyl); wherein the aryl group 
at each occurrence is optionally Substituted with 1, 2, or 
3 groups that are independently Ros or Ro, wherein 
the heterocycloalkyl group at each occurrence is 
optionally substituted with 1, 2, or 3 Rao, wherein each 
heteroaryl group at each occurrence is optionally Sub 
stituted with 1, 2, or 3 Ro: 

R22 and R22s at each occurrence are independently 
Selected from the group consisting of —H. —C-C, 
alkyl, hydroxy C-C alkyl, amino C-C alkyl; halo 
C-C alkyl, -C-C-7 cycloalkyl, —(C-C alkyl)- 
O—(C-C alkyl), -aryl, -heteroaryl, and -heterocy 
cloalkyl; wherein the aryl group at each occurrence is 
optionally Substituted with 1, 2, or 3 Rao groups, each 
heteroaryl is optionally substituted with 1, 2, 3, or 4 
Roo, each heterocycloalkyl is optionally substituted 
with 1, 2, 3, or 4 Rao wherein 

R27o at each occurrence is independently Raos, C-C, 
alkyl optionally substituted with 1, 2, or 3 Ros groups: 
halogen; C1-C alkoxy; C1-Chaloalkoxy: NR2ss R24o: 
OH: C=N; —CO (C-C alkyl); and =O; wherein 
the heterocycloalkyl group at each occurrence is 
optionally substituted with 1, 2, or 3 Ros groups; 
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12 
wherein each heteroaryl group at each occurrence is 
optionally substituted with 1, 2, or 3 Ros groups; 

Rs and Rao at each occurrence are independently H, or 
C-C alkyl; 

R2s and R2so at each occurrence are independently 
Selected from the group consisting of H. C-C alkyl, 
C-C hydroxyalkyl, C-C alkoxy, C–Chaloalkoxy, 
O 

Ras and Rs are taken together with the carbon to which 
they are attached to form a carbocycle of 3, 4, 5, 6, or 
7 carbon atoms, wherein the carbocycle is optionally 
substituted with 1 or 2 groups that are independently 
OH, methyl, Cl, F, OCH CF, NO, or CN: 

Rss and Reo at each occurrence are independently 
Selected from the group consisting of H; C-C alkyl 
optionally substituted with 1, 2, or 3 Ros groups: 
—(CH2). C. C., cycloalkyl optionally substituted 
with 1, 2, or 3 Ros groups; —(C-C alkyl)-aryl; 
—(C-C alkyl)-heteroaryl; —(C-C alkyl)-heterocy 
cloalkyl: aryl; heteroaryl; heterocycloalkyl; 
—(CH) Res-(CH2)-aryl; —(CH) - 
R2s (CH2)o-a-heteroaryl; and, -(CH2) a R2s 
(CH) -heterocycloalkyl, wherein 
Res at each occurrence is independently —O— —S— 

or —N(C-C alkyl)-; 
each aryl or phenyl is optionally substituted with 1, 2, 

or 3 groups that are independently Ros. Rao, or 
C-C alkyl substituted with 1, 2, or 3 groups that are 
independently Ros or Rao. 

Other preferred compounds of formulas X-I and X-II 
include compounds of formula X-III, i.e., those of formulas 
X-I or X-II wherein 
Ray is: 

Z (CH)-CHC(O)- 1 n1 2ng 
R4 

wherein 
Ra is NH; —NH-(CH), R.; NHRs – NRC(O) 

Rs, or —NRsCORs: 
wherein 
n is 0, 1, 2, or 3: 
n, is 0, 1, 2, or 3: 
Ra is selected from the group consisting of —SO 
(C-C alkyl). —SO—(C-C alkyl). —S (C–Cs 
alkyl). —S CO (C-C alkyl). —SO NRR: 
—CO-C-C alkyl, -CO—NRR, 

Ra and Ra are independently H, C-C alkyl, or C-C, 
cycloalkyl; 

Ra is alkyl, phenylalkyl, C-C alkanoyl, or phenylal 
kanoyl; 

Rs is cyclopropyl; cyclobutyl, cyclopentyl; and cyclohexyl, 
wherein each cycloalkyl group is optionally Substituted 
with one or two groups that are C-C alkyl, more 
preferably C-C alkyl, C-C alkoxy, more preferably 
C-C alkoxy, CF, OH, NH, NH(C-C alkyl). 
N(C-C alkyl)(C-C alkyl), halogen, CN, or NO; or 
the cycloalkyl group is Substituted with 1 or 2 groups that 
are independently CF, Cl, F, methyl, ethyl or cyano; 
C-C alkyl optionally substituted with 1, 2, or 3 groups 
that are independently halogen, —NRR-7, C-C alkoxy, 
Cs-Coheterocycloalkyl, Cs-C heteroaryl, phenyl, C-C, 
cycloalkyl, -S-C-C alkyl, -SO-C-C alkyl, 
—COH, -CONRR-7, —CO C-C alkyl, or pheny 
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loxy; heteroaryl optionally substituted with 1, 2, or 3 
groups that are independently C-C alkyl, C-C alkoxy, 
halogen, C-C haloalkyl, or OH: heterocycloalkyl 
optionally substituted with 1, 2, or 3 groups that are 
independently C-C alkyl, C-C alkoxy, halogen, or 
C-C alkanoyl; phenyl optionally Substituted with 1, 2, 
3, or 4 groups that are independently halogen, OH, C-C, 
alkyl, C-C alkoxy, or C-C haloalkyl; and —NRR, 
wherein 
Re and R7 are independently selected from the group 

consisting of H. C-C alkyl, C-C alkanoyl phenyl, 
—SO C-C alkyl, and phenyl C-C alkyl: 

Rs is selected from the group consisting of —SO-het 
eroaryl optionally substituted with 1 or 2 groups that 
are independently C-C alkyl or halogen. —SO-aryl, 
—SO-heterocycloalkyl, —C(O)NHR, heterocy 
cloalkyl, —S C-C alkanoyl, wherein Ro is phenyl 
C-C alkyl, C-C alkyl, or H: 

Rs is H or C-C alkyl: 
Rs is selected from the group consisting of phenyl C-C, 

alkyl: C-C alkyl optionally substituted with 1, 2, or 3 
groups that are independently halogen, cyano, 
—NRR-7, —C(O)NRR-7, C-C, or —C-C alkoxy; 
heterocycloalkyl optionally substituted with 1 or 2 
groups that are independently C-C alkyl, C-C 
alkoxy, halogen, C-C alkanoyl phenyl C-C alkyl, 
and —SO C-C alkyl; heterocycloalkylalkyl option 
ally Substituted with 1 or 2 groups that are indepen 
dently C-C alkyl, C-C alkoxy, halogen, C-C, 
alkanoyl, phenyl C-C alkyl, and —SO C-C alkyl, 
alkenyl; alkynyl; heteroaryl optionally substituted with 
1, 2, or 3 groups that are independently OH, C-C, 
alkyl, C-C alkoxy, halogen, NH2, NH(C-C alkyl) 
or N(C-C alkyl)(C-C alkyl); heteroarylalkyl 
optionally substituted with 1, 2, or 3 groups that are 
independently C-C alkyl, C-C alkoxy, halogen, 
NH, NH(C-C alkyl) or N(C-C alkyl)(C-C, 
alkyl); phenyl: C-C cycloalkyl, and cycloalkylalkyl, 
wherein the phenyl: C-Cs cycloalkyl, and cycloalky 
lalkyl groups are optionally substituted with 1, 2, 3, 4 
or 5 groups that are independently halogen, CN, NO, 
C-C alkyl, C-C alkoxy, C-C alkanoyl, C-C, 
haloalkyl, C-Chaloalkoxy, hydroxy, C–C hydroxy 
alkyl, C-C alkoxy C-C alkyl, C-C thioalkoxy, 
C-C thioalkoxy C-C alkyl, or C-C alkoxy C-C, 
alkoxy. 

Preferred compounds of formula X-III include com 
pounds wherein 
Ry is 

- Z. 

wherein 
X is C-C alkylidenyl optionally optionally substituted 

with 1, 2, or 3 methyl groups; or —NR ; or 
Ra and Rae combine to form —(CH), , wherein 
no is 1, 2, 3, or 4: 

Z is selected from a bond; SO; SO; S; and C(O); 
Y is selected from H; C–C haloalkyl: Cs C. heterocy 

cloalkyl containing at least one N, O, or S: phenyl; OH: 
—N(Y)(Y); C-C alkyl optionally substituted with 1 
thru 3 substituents which can be the same or different and 
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14 
are selected from halogen, hydroxy, alkoxy, thioalkoxy, 
and haloalkoxy: C-C cycloalkyl optionally substituted 
with 1, 2, or 3 groups independently selected from C-C, 
alkyl, and halogen; alkoxy; phenyl optionally Substituted 
with halogen, C-C alkyl, C-C alkoxy, CN or NO; 
phenyl C-C alkyl optionally Substituted with halogen, 
C-C alkyl, C-C alkoxy, CN or NO; wherein 
Y and Y are the same or different and are H; C-Co 

alkyl optionally substituted with 1, 2, or 3 substituents 
Selected from the group consisting of halogen, C-C 
alkoxy, C–Cs cycloalkyl, and OH: C-C alkenyl: 
C-C alkanoyl phenyl; —SO C-C alkyl; phenyl 
C-C alkyl; and C-C cycloalkyl C-C alkyl, or 

—NCY)(Y) forms a ring selected from piperazinyl, 
piperidinyl, morpholinyl, and pyrolidinyl, wherein 
each ring is optionally Substituted with 1, 2, 3, or 4 
groups that are independently C-C alkyl, C-C, 
alkoxy, C-C alkoxy C-C alkyl, or halogen; and 
at each occurrence is independently selected from 

hydrogen, C-C alkyl, C-C alkoxy C-C alkyl, halo 
C-C alkyl, C-C alkanoyl, each of which is unsubsti 
tuted or substituted with 1, or 2 groups independently 
selected from halogen, C-C alkyl, hydroxy, C-C, 
alkoxy, NH, and —R-R-7, wherein 
R is selected from —C(O)— —SO , —CO , 
—C(O)NH , and —C(O)N(C-C alkyl)-; and 

R, is selected from the group consisting of C-C alkyl, 
C-C alkoxy, aryl C-C alkyl, heterocycloalkyl, and 
heteroaryl, wherein each of the above is unsubstituted 
or substituted with 1, 2, 3, 4, or 5 groups that are 
independently C-C alkyl, C-C alkoxy, halogen, 
halo C-C alkyl, hydroxy C-C alkyl, —C(O)NH2, 
NH, NH(C-C alkyl), N(C-C alkyl)(C-C alkyl). 
—C(O)NH(C-C alkyl), or —C(O)N(C-C alkyl) 
(C-C alkyl). 

More preferred compounds of formula X-III include 
compounds wherein 
X is C-C alkylidenyl optionally optionally substituted 

with 1, 2, or 3 methyl groups; 
Z is selected from SO; SO; S: and C(O); 
Y is selected from H; C–C haloalkyl: Cs C. heterocy 

cloalkyl containing at least one N, O, or S: phenyl; OH: 
—NCY)(Y); C–C alkyl optionally substituted with 1 
thru 3 substituents which can be the same or different and 
are selected from the group consisting of halogen, 
hydroxy, alkoxy, thioalkoxy, and haloalkoxy; C–Cs 
cycloalkyl optionally substituted with 1, 2, or 3 groups 
independently selected from C-C alkyl, and halogen; 
alkoxy; phenyl optionally substituted with halogen, C-C, 
alkyl, C-C alkoxy, CN or NO phenyl C-C alkyl 
optionally Substituted with halogen, C-C alkyl, C-C 
alkoxy, CN or NO; wherein 
Y and Y are the same or different and are H; C-C alkyl 

optionally substituted with 1, 2, or 3 substituents 
Selected from the group consisting of halogen, C-C 
alkoxy, C–Cs cycloalkyl, and OH: C-C alkenyl: 
C-C alkanoyl phenyl; —SO C-C alkyl; phenyl 
C-C alkyl; or C-C cycloalkyl C-C alkyl; or 

—NCY)(Y) forms a ring selected from piperazinyl, 
piperidinyl, morpholinyl, and pyrolidinyl, wherein 
each ring is optionally Substituted with 1, 2, 3, or 4 
groups that are independently C-C alkyl, C-C, 
alkoxy, C-C alkoxy C-C alkyl, or halogen; 

Ro at each occurrence is independently hydrogen, C-C, 
alkyl, C-C alkoxy C-C alkyl, halo C-C alkyl, 
C-C alkanoyl, each of which is unsubstituted or Sub 

R 
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stituted with 1 or 2 groups independently selected from 
halogen, hydroxy, C-C alkoxy, and NH. 
Even more preferred compounds of formula X-III include 

compounds wherein 
R is C-C alkyl optionally substituted with 1, 2, or 3 

groups independently selected from the group consisting 
of Ros —OC=ONRs Rao. -S(=O) (C-C alkyl). 
—SH, -C=ONR Rao, and —S(=O)NRRo: 
—(CH) (C-C) cycloalkyl wherein the cycloalkyl 
is optionally substituted with 1, 2, or 3 groups indepen 
dently selected from the group consisting of Ros, 
—COH, and —CO (C-C alkyl); —(CRR-so)- 
phenyl: —(CR245R2so)o-a-heteroaryl; —(CR245R2so)o-4- 
heterocycloalkyl: —(CH)—CH((CH), OH)— 
(CH2)o-phenyl: —(CH2) —CHR -(CH2)-- 
heteroaryl; —CH( CH-OH)—CH(OH)-phenyl-NO; 
(C-C alkyl)-O-(C-C alkyl)-OH, or —(CH) C 
(=NR2s)(NR2ss R24); wherein 
each aryl is optionally Substituted with 1, 2, or 3 Roo, 
each heteroaryl is optionally substituted with 1, 2, 3, or 4 

R200: 
each heterocycloalkyl is optionally substituted with 1, 2, 

3, or 4 Ro: 
Roo at each occurrence is independently C-C alkyl 

optionally Substituted with 1, 2, or 3 Ros groups; OH: 
—NO, halogen; —COH: C=N; —(CH) CO— 
NR220R22s, —(CH2). CO—(C-C, alkyl); 
—(CH) CORs, or —(CH). O—(C-C, 
alkyl optionally substituted with 1, 2, 3, or 5 —F); 

Ros at each occurrence is independently C-C alkyl, 
halogen, —OH, -O-phenyl, -SH, -C=N. —CF, 
C-C alkoxy, NH, NH(C-C alkyl), or N (C-C, 
alkyl)(C-C alkyl); 

Ro at each occurrence is independently C-C alkyl 
optionally substituted with 1, 2, or 3 Ros groups: 
halogen; C-C alkoxy; C-C haloalkoxy; 
—NRRs, OH: C=N; C C, cycloalkyl optionally 
Substituted with 1, 2, or 3 Ros groups; —CO—(C-C 
alkyl); —SO NRSRao. —CO—NRRo: 
—SO (C-C alkyl); and =O; wherein 

Rs at each occurrence is independently C-C alkyl, 
—(CH)-(phenyl), C-C, cycloalkyl, and 
—(CH2)-(heteroaryl), —(CH2)-2-(heterocy 
cloalkyl); wherein the phenyl group at each occurrence 
is optionally substituted with 1, 2, or 3 groups that are 
independently Ros or Ro, wherein the heterocy 
cloalkyl group at each occurrence is optionally Substi 
tuted with 1, 2, or 3 Ro: wherein each heteroaryl 
group at each occurrence is optionally Substituted with 
1, 2, or 3 Ro: 

Ro and R-2s at each occurrence are independently —H. 
—C-C alkyl, hydroxy C-C alkyl, halo C-C alkyl, 
—C-C, cycloalkyl, and —(C-C alkyl)-O-(C-C 
alkyl); 

Rs and Rao at each occurrence are independently H, or 
C-C alkyl; 

Ras and Raso at each occurrence are independently H. 
C-C alkyl, C-C hydroxyalkyl, C-C alkoxy, 
C-C haloalkoxy, or 

Ras and Raso are taken together with the carbon to which 
they are attached to form a carbocycle of 3, 4, 5, 6, or 
7 carbon atoms. 

Still yet even more preferred compounds of formula X-III 
include compounds wherein 
R is benzyl which is optionally substituted with 1, 2, 3, or 
4 groups independently selected from halogen, C-C, 
alkoxy, hydroxy, and C-C alkyl optionally substituted 
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16 
with 1, 2, or 3 substituents halogen, OH, SH, NH, 
NH(C-C alkyl), N (C-C alkyl)(C-C alkyl). C=N. 
CF: 

R and R are independently selected from H or C-C alkyl 
optionally substituted with 1 substituent selected from 
halogen, —OH, -SH, -C=N. —CF, C-C alkoxy, 
NH, NH(C-C alkyl), and NH(C-C alkyl)(C-C, 
alkyl); 

Ro at each occurrence is independently hydrogen, C-C, 
alkyl, C-C alkoxy C-C alkyl, halo C-C alkyl, 
C-C alkanoyl, each of which is unsubstituted or Sub 
stituted with 1 or 2 groups independently selected from 
halogen, hydroxy, and NH2, 

R is C-C alkyl optionally substituted with 1, 2, or 3 
groups independently selected from Ros, -SH, 
—C=ONRs Rao, and —S(=O)NR's Rao, 
—(CH2) (C-C) cycloalkyl wherein the cycloalkyl 
is optionally substituted with 1, 2, or 3 groups indepen 
dently selected from Ros, —COH, and —CO (C-C 
alkyl); —(CRR so)-phenyl optionally substituted 
with 1, 2, or 3 Roo, -(CR2sR2so)o-3-pyridyl; 
—(CR245R2so)o-3-pyridazinyl: —(CR245R2so)o-3-pyrim 
idinyl: —(CR245R2so)o-3-pyrazinyl: —(CR24sR2so)o-s-fu 
ryl; —(CR24sR2so)o-s-indolyl: —(CR24sR2so)o-s-thienyl: 
—(CR-24s R2so)o-s-pyrrolyl —(CR-24sR2so)o-s-pyrazolyl, 
(CR24sR2so)o-s-benzoxazolyl: —(CR24sR2so)o-s-imida 
Zolyl; each of the above heteroaryl groups is optionally 
Substituted with 1, 2, 3, or 4 Roo, -(CR-24s R2so)os 
imidazolidinyl: (CR2s R-2so)o-s-tetrahydrofuryl; 
(CR24sR2so)o-3-tetrahydropyranyl (CR24sR2so)o-3-piper 
aZinyl (CR 245R2so)o-3-pyrrolidinyl (CR 245R2so)o-3-pip 
eridinyl: (CRRs)-indolinyl; each of the above het 
erocycloalkyl groups is optionally Substituted with 1, 2, 3, 
or 4 Rao (CH)—CH((CH), OH)—(CH)- 
phenyl; —(CH2) —CH(C-C hydroxyalkyl)-(CH2)-- 
pyridyl; 
Roo at each occurrence is independently C-C alkyl 

optionally Substituted with 1, 2, or 3 Ros groups; OH: 
—NO, halogen; —COH: C=N; —(CH2). CO— 
NR220R22s, —(CH2). CO—(C–Cs alkyl); 
—(CH2). CORs, and —(CH2). O—(C-C, 
alkyl optionally substituted with 1, 2, 3, or 5 —F); 

Ros at each occurrence is independently C-C alkyl, 
halogen, —OH, -O-phenyl, -SH, -C=N. —CF, 
C-C alkoxy, NH, NH(C-C alkyl), and N—(C-C, 
alkyl)(C-C alkyl); 

Ro at each occurrence is independently C-C alkyl 
optionally Substituted with 1 or 2 Ros groups; halogen; 
C-C alkoxy; C-C haloalkoxy; —NRoRs, OH: 
C=N; C C, cycloalkyl optionally substituted with 1 or 
2 Ros groups; —CO—(C-C alkyl); —SO 
NRSRao. —CO—NRs Rao. —SO (C-C, 
alkyl); and =O; wherein 

Rs at each occurrence is independently C-C alkyl, 
—(CH)-(phenyl), C-C cycloalkyl, -(CH)- 
(pyridyl), —(CH)-(pyrrolyl), —(CH-)-(imida 
Zolyl), —(CH2)-2-(pyrimidyl), —(CH2)-2-(pyrrolidi 
nyl), —(CH2)-2-(imidazolidinyl) -(CH2)o-2- 
(piperazinyl), —(CH2)-2-(piperidinyl), and 
—(CH)-(morpholinyl); wherein the phenyl group at 
each occurrence is optionally substituted with 1 or 2 
groups that are independently Ros or Ro, wherein 
each heterocycloalkyl group at each occurrence is 
optionally Substituted with 1 or 2 Rio, wherein each 
heteroaryl group at each occurrence is optionally Sub 
stituted with 1 or 2 Ro: 
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Ro and R-2s at each occurrence are independently —H. 
—C-C alkyl, hydroxy C-C alkyl, halo C-C alkyl: 
—C-C cycloalkyl, and —(C-C alkyl)-O-(C-C, 
alkyl); 

Rs and Rao at each occurrence are independently H, or 
C-C alkyl; 

Ras and Raso at each occurrence are independently H, 
C-C alkyl, C-C hydroxyalkyl, C-C alkoxy, 
C-C haloalkoxy, or 

Ras and Raso are taken together with the carbon to which 
they are attached to form a carbocycle of 3, 4, 5, or 6 
carbon atoms. 

Other more preferred compounds of formula X-III include 
compounds wherein 
X is —C-C alkylidenyl optionally optionally substituted 

with 1 or 2 methyl groups; 
Z is SO; SO; S: or C(O); 
Y is C-C haloalkyl, OH: —NCY)(Y); C-C alkyl 

optionally substituted with 1 or 2 substituents which can 
be the same or different and are selected from halogen, 
hydroxy, C-C alkoxy, C–C thioalkoxy, and C-C, 
haloalkoxy; C-C alkoxy; phenyl optionally substituted 
with halogen, C-C alkyl, C-C alkoxy, CN or NO; 
and benzyl optionally Substituted with halogen, C-C, 
alkyl, C-C alkoxy, CN or NO; wherein 
Y and Y are the same or different and are H; C-C alkyl 

optionally substituted with 1, 2, or 3 substituents 
selected from halogen, C-C alkoxy, C-C, 
cycloalkyl, and OH: C-C alkanoyl; phenyl; —SO 
C-C alkyl; benzyl; and C-C cycloalkyl C-C, 
alkyl; or 

—NCY)(Y) forms a ring selected from piperazinyl, pip 
eridinyl, morpholinyl, and pyrolidinyl, wherein each ring 
is optionally Substituted with 1, 2, 3, or 4 groups that are 
independently C-C alkyl, C-C alkoxy, C-C alkoxy 
C-C alkyl, or halogen. 
Other even more preferred compounds of formula X-III 

include those of formula X-IV, i.e., compounds of formula 
X-III wherein 
X is —C-C alkylidenyl optionally optionally substituted 

with 1 methyl group; 
Z is SO; SO; S: or C(O); 
Y is OH: —N(Y)(Y); phenyl; benzyl; or C-C alkyl 

optionally substituted with 1 or 2 substituents which can 
be the same or different and are selected from halogen, 
hydroxy, methoxy, ethoxy, thiomethoxy, thioethoxy, and 
CF; wherein 
Y and Y are the same or different and are H; C-C alkyl 

optionally substituted with 1 or 2 substituents selected 
from halogen, methoxy, ethoxy, cyclopropyl, and OH: 
O 

—N(Y)(Y) forms a ring selected from piperazinyl, 
piperidinyl, morpholinyl, and pyrolidinyl, wherein 
each ring is optionally Substituted with 1 or 2 groups 
that are independently C-C alkyl, C-C alkoxy, or 
halogen; 

R is benzyl which is optionally substituted with 1, 2, or 3 
groups independently selected from methyl, ethyl, n-pro 
pyl, isopropyl, hydroxymethyl, monohalomethyl, diha 
lomethyl, trihalomethyl, —CHCF, methoxymethyl, 
halogen, methoxy, ethoxy, n-propyloxy, isopropyloxy, 
and OH: 

R and R are independently H or C-C alkyl 
Ro at each occurrence is independently hydrogen, C-C, 

alkyl, or C-C alkanoyl; 
R is C-C alkyl optionally Substituted with 1, 2, or 3 Ros 

groups; cyclopropyl, cyclopropylmethyl, cyclopentyl, 
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18 
cyclopentylmethyl, cyclohexyl, cyclohexylmethyl; 
—(CRs Rso)o-phenyl optionally Substituted with 1 or 
2 Roo groups; —(CRSR-so)o-pyridyl optionally Sub 
stituted with 1 or 2 Roo, -(CR-24s R2so)o-s-piperazinyl, 
or (CR 245R2so)o-3-pyrrolidinyl: —(CR245R2so)o-3-pip 
eridinyl; each of the above heterocycloalkyl groups is 
optionally substituted with 1 or 2 Rio groups; 
Roo at each occurrence is independently selected from 
C-C alkyl optionally substituted with 1 or 2 Ros 
groups; OH; and halogen; 

Ros at each occurrence is independently selected from 
C-C alkyl, halogen, —OH, -SH, -C=N. —CF, 
and C-C alkoxy: 

Rao at each occurrence is independently selected from 
C-C alkyl optionally substituted with 1 or 2 Ros 
groups; halogen; C-C alkoxy, OCF, NH2, 
NH(C-C alkyl); N(C-C alkyl)(C-C alkyl); OH: 
and —CO—(C-C alkyl); wherein 

Ras and Rso at each occurrence are independently 
Selected from H. C-C hydroxyalkyl, C-C alkoxy, or 

Ras and Raso are taken together with the carbon to which 
they are attached to form a carbocycle of 3, 5, or 6 
carbon atoms. 

Preferred compounds of formula X-IV include those of 
formula X-IV-a: 

X-IV-a 

A2 
NH2 OH 21y. 

Z Null y1 Nx Al 

O R245 R250 
N 
HA, /4 

A3 

wherein X, Y, Z. Ras, and Raso are as defined for formula 
X-IV: 
A and A are independently H. methyl, ethyl, propyl. 

methoxy, F, Cl, Br, I, or CF; 
As and A are independently F, Cl, Br, I, methyl, methoxy, 

or H: 
Ras and Raso are taken together with the carbon to which 

they are attached to form a carbocycle of 3, 5, or 6 carbon 
atOmS. 

More preferred compounds of formula X-IV-a include 
those wherein 

A is H: 
As and A are independently H, F, Cl, Br, or I: 
X is C or C. alkylidenyl: 
Z is SO; SO; or S; and 
Y is phenyl, or C-C alkyl. More preferably, Y is methyl, 

propyl. n-butyl, isobutyl, isopentyl, 4-heptyl, 3-heptyl, 
3-pentyl, or 5-nonyl. 
Even more preferred compounds of formula X-IV include 

those of formula X-IV-b: 
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X-IV-b 

NH OH 

Z i 
1 Nx n-1N1 Al 

2 
A3 

O 

y ueN1,N 
wherein A, X, Y, Z, Ras, and Raso are as defined for 

formula X-IV: 
As and A are indepenently H. F. Cl, methyl, ethyl, methoxy, 

ethoxy, CF or OCF. 
Other preferred compounds of formula X-IV include 

those of formula X-V wherein 

X-V 

A2 
NH2 OH 2y. 

Z 
1 Yx n9 N Al 

O N 

HA, A4 
A3 

wherein 
n9 is 1 or 2; 
A and A are independently H. methyl, ethyl, propyl. 

methoxy, ethoxy, F, Cl, Br, I, CF. OCF, or C-C, 
alkynyl; and 

As and A are independently F, Cl, Br, I, methyl, methoxy, 
or H. 
Preferred compounds of formula X-V include those 

wherein 
A is C-C alkyl, preferably ethyl, or C-C alkynyl. More 

preferably A is ethyl, I, or C alkynyl: 
A is H: 
As and A are independently H. F. Cl, Br, or I: 
X is C or C. alkylidenyl: 
Z is SO; SO; or S; and 
Y is phenyl, methyl, propyl. n-butyl, isobutyl, isopentyl, 

4-heptyl, 3-heptyl, 3-pentyl, or 5-nonyl. 
More preferred compounds of formula X-V include those 

of formula X-V-a 

formula X-V-a 

NH H 

Y 
Y Z Ya 

X N-N- 
O 

D A4 
A3 
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20 
wherein 
As and A are independently H. F. or Cl. 

Other preferred compounds of formula X-IV include 
those of formula X-VI, i.e., compounds of formula X-IV 
wherein 
R is C-C alkyl, cyclopropyl, cyclobutyl, cyclopentyl, 

cyclohexyl, or —(C-C alkyl)-cyclopropyl. Even more 
preferred R is n-butyl, isobutyl, n-pentyl, isopentyl, 
n-hexyl, isohexyl, cyclopropyl, or cyclopropylmethyl. 
Preferred compounds of formula X-VI include those of 

formula X-VI-a: 

X-VI-a 
NH2 OH 

Z 
Y 1 in X n Rc 

O 
N 
HA, %4 

A3 

wherein 
As and A are independently halogen, methyl, ethyl, n-pro 

pyl, iso-propyl, methoxy, ethoxy, n-propoxy, iso-propoxy, 
or H: 

X is C or C. alkylidenyl: 
Z is SO; SO; or S; and 
Y is phenyl, or C-C alkyl. Even more preferred is when 
Y is methyl, propyl. n-butyl, isobutyl, isopentyl, 4-heptyl, 
3-heptyl, 3-pentyl, or 5-nonyl. 
More preferred compounds of formula X-VI include those 

of formula X-VI-b: 

X-VI-b 
NH OH 

Z 
1 Nx n1- YRe 

O 
N 
HA, 
2 

A3 

wherein 
As and A are independently H. F. Cl, methyl, or methoxy. 

Representative compounds of formula X-III wherein R4 
is NH are 

S-butyl-N-1--(1S,2R)-1-(3,5-difluorobenzyl)-3-(3- 
ethylbenzyl)amino]-2-hydroxypropyl-D-cysteinamide: 

3-(butylsulfinyl)-N-1--(1S,2R)-1-(3,5-difluorobenzyl)- 
3-(3-ethylbenzyl)amino-2-hydroxypropyl-D-alanina 
mide; 

3-(butylsulfonyl)-N-1-(1S,2R)-1-(3,5-difluoroben 
Zyl)-3-(3-ethylbenzyl)amino-2-hydroxypropyl-D-alani 
namide: 

3-(butylsulfonyl)-N-1-(1S,2R)-1-(3,5-difluoroben 
Zyl)-3-(3-ethylbenzyl)amino-2-hydroxypropyl)-L-alani 
namide: 

3-(butylsulfonyl)-N-1--(1S,2R)-1-(3,5-difluorobenzyl)- 
2-hydroxy-3-(isopentylamino)propyl-D-alaninamide; 
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N-1-(1S,2R)-1-(3,5-difluorobenzyl)-3-1-(3-eth 
ylphenyl)cyclopropylamino-2-hydroxypropyl)-3-(1-pro 
pylbutyl)sulfonyl-D-alaninamide: 

N-1-(1S,2R)-1-(3,5-difluorobenzyl)-3-(3-ethylben 
Zyl)amino-2-hydroxypropyl)-3-(1-propylbutyl)sulfonyl 
L-alaninamide; 

N-1--(1S,2R)-3-(cyclopropylamino)-1-(3,5-difluo 
robenzyl)-2-hydroxypropyl-3-(1-propylbutyl)sulfonyl-D- 
alaninamide; 

N-1--(1S,2R)-1-(3,5-difluorobenzyl)-2-hydroxypropyl 
3-(isopentylamino)-3-(1-propylbutyl)sulfonyl-D-alanina 
mide; 

N-1-(1S,2R)-1-(3,5-difluorobenzyl)-3-(3-ethylben 
Zyl)amino-2-hydroxypropyl)-3-(1-propylbutyl)sulfonyl 
D-alaninamide; 

N-1-(1S,2S)-1-(3,5-difluorobenzyl)-3-(3-ethylben 
Zyl)amino-2-hydroxypropyl)-3-(1-propylbutyl)sulfonyl 
alaninamide; 

(2S)-2-amino-N-(1S,2R)-1-benzyl-2-hydroxy-3-(3- 
methoxybenzyl)aminolpropyl-5-oxo-5-piperidin-1-ylpen 
tanamide; and 

(2R)-2-amino-N-(1S,2R)-1-benzyl-2-hydroxy-3-(3- 
methoxybenzyl)aminolpropyl-5-oxo-5-piperidin-1-ylpen 
tanamide and pharmaceutically acceptable salts thereof. 

Other preferred compounds of formula X-II include those 
of formula X-VII, i.e., compounds of formula X-II wherein 
Ray is: 

- Z. 
Y n -cis-pico X 

N n Rs.1 COR51 

n, is 0, 1, 2, or 3: 
Rs is H or C-C alkyl: 
Rs is phenyl C-C alkyl, C-C alkyl optionally Substi 

tuted with 1, 2, or 3 groups that are independently 
halogen, cyano. —NRR-7, -C(O)NRR, or —C-C, 
alkoxy; heterocycloalkyl optionally substituted with 1 or 
2 groups that are independently C-C alkyl, C-C, 
alkoxy, halogen, C-C alkanoyl phenyl C-C alkyl, and 
—SO C-C alkyl; heterocycloalkylalkyl optionally Sub 
stituted with 1 or 2 groups that are independently C-C, 
alkyl, C-C alkoxy, halogen, C-C alkanoyl phenyl 
C-C alkyl, and —SO, C-C alkyl; alkenyl; alkynyl: 
heteroaryl optionally substituted with 1, 2, or 3 groups 
that are independently OH, C-C alkyl, C-C alkoxy, 
halogen, NH, NH(C-C alkyl) or N(C-C alkyl) 
(C-C alkyl); heteroarylalkyl optionally substituted with 
1, 2, or 3 groups that are independently C-C alkyl, 
C-C alkoxy, halogen, NH, NH(C-C alkyl) or 
N(C-C alkyl)(C-C alkyl); phenyl: C-C cycloalkyl: 
or cycloalkylalkyl; wherein the phenyl, C-C cycloalkyl, 
and cycloalkylalkyl groups are optionally Substituted with 
1, 2, 3, 4 or 5 groups that are independently halogen, CN, 
NO, C-C alkyl, C-C alkoxy, C-C alkanoyl, C-C, 
haloalkyl, C-C haloalkoxy, hydroxy, C–C hydroxy 
alkyl, C-C alkoxy C-C alkyl, C-C thioalkoxy, 
C-C thioalkoxy C-C alkyl, or C-C alkoxy C-C, 
alkoxy; 
Re and R-7 are independently H, C-C alkyl, C-C, 

alkanoyl phenyl, -SO C-C alkyl, or phenyl 
C-C alkyl; 
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X is C-C alkylidenyl optionally optionally substituted 

with 1, 2, or 3 methyl groups; or —NR ; or 
Ra and Rae combine to form —(CH), , wherein 
no is 1, 2, 3, or 4: 

Z is a bond; SO; SO; S: or C(O); 
Y is H. C-Chaloalkyl, Cs-C heterocycloalkyl containing 

at least one N, O, or S: phenyl; OH: N(Y)(Y); C-Co 
alkyl optionally substituted with 1 thru 3 substituents 
which can be the same or different and are selected from 
halogen, hydroxy, alkoxy, thioalkoxy, and haloalkoxy; 
C-C cycloalkyl optionally substituted with 1, 2, or 3 
groups independently selected from C-C alkyl, and 
halogen; alkoxy; phenyl optionally substituted with halo 
gen, C-C alkyl, C-C alkoxy, CN or NO; or phenyl 
C-C alkyl optionally Substituted with halogen, C-C 
alkyl, C-C alkoxy, CN or NO; wherein 
Y and Y are the same or different and are H; C-Co 

alkyl optionally substituted with 1, 2, or 3 substituents 
Selected from halogen, C-C alkoxy, C–Cs 
cycloalkyl, and OH: C-C alkenyl: C-C alkanoyl; 
phenyl: —SO C-C alkyl, phenyl C-C alkyl; or 
C-C cycloalkyl C-C alkyl; or 

—NCY)(Y) forms a ring selected from piperazinyl, 
piperidinyl, morpholinyl, and pyrolidinyl, wherein 
each ring is optionally Substituted with 1, 2, 3, or 4 
groups that are independently C-C alkyl, C-C, 
alkoxy, C-C alkoxy C-C alkyl, or halogen; 

Ro at each occurrence is independently hydrogen, C-C, 
alkyl, C-C alkoxy C-C alkyl, halo C-C alkyl, or 
C-C alkanoyl, each of which is unsubstituted or Sub 
stituted with 1, or 2 groups independently selected from 
halogen, C-C alkyl, hydroxy, C-C alkoxy, NH, and 
—R-R-7, wherein 
R is —C(O)— —SO , 
—C(O)N(C-C alkyl)-; 

R27 is C-C alkyl, C-C alkoxy, aryl C-C alkyl, 
heterocycloalkyl, or heteroaryl, wherein each of the 
above is unsubstituted or substituted with 1, 2, 3, 4, or 
5 groups that are independently C-C alkyl, C-C 
alkoxy, halogen, halo C-C alkyl, hydroxy C-C, 
alkyl, —C(O)NH2, NH, NH(C-C alkyl), N(C-C, 
alkyl)(C-C alkyl), —C(O)NH(C-C alkyl), or 
—C(O)N(C-C alkyl)(C-C alkyl). 

Preferred compounds of formula X-VII include those 
wherein: 
R and R are independently H or C-C alkyl optionally 

substituted with 1, or 2 substituents selected from halo 
gen, —OH, -SH, -C=N. —CF, and C-C alkoxy; 

n, is 0, 1, or 2: 
Rso is H or C-C alkyl; 
Rs is selected from benzyl, phenethyl, C-C alkyl option 

ally Substituted with 1, 2, or 3 groups that are indepen 
dently halogen, cyano. —NRR-7, -C(O)NRR, or 
—C-C alkoxy; heterocycloalkyl containing at least one 
N, O, or S and optionally substituted with 1 or 2 groups 
that are independently C-C alkyl, C-C alkoxy, halo 
gen, C-C alkanoyl phenyl C-C alkyl, and —SO 
C-C alkyl; heterocycloalkylalkyl containing at least one 
N, O, or S and optionally substituted with 1 or 2 groups 
that are independently C-C alkyl, C-C alkoxy, halo 
gen, C-C alkanoyl phenyl C-C alkyl, and —SO 
C-C alkyl, C-C alkenyl: C-C alkynyl; heteroaryl 
optionally substituted with 1, 2, or 3 groups that are 
independently OH, C-C alkyl, C-C alkoxy, halogen, 
NH, NH(C-C alkyl) or N(C-C alkyl)(C-C alkyl); 
heteroarylalkyl containing at least one N, O, or S and 
optionally substituted with 1, 2, or 3 groups that are 

CO , , Or 



US 7,144,897 B2 
23 

independently C-C alkyl, C-C alkoxy, halogen, NH, 
NH(C-C alkyl) or N(C-C alkyl)(C-C alkyl); phe 
nyl: C-C cycloalkyl, and C-C cycloalkyl C-C alkyl, 
wherein the phenyl: C-C cycloalkyl, and C-C, 
cycloalkyl C-C alkyl groups are optionally substituted 
with 1, 2, or 3 groups that are independently halogen, CN, 
NO, C-C alkyl, C-C alkoxy, C-C alkanoyl, C-C, 
haloalkyl, C-C haloalkoxy, hydroxy, C–C hydroxy 
alkyl, C-C thioalkoxy: 
Re and R-7 are independently H, C-C alkyl, C-C, 

alkanoyl, phenyl, -SO-C-C alkyl, benzyl or 
phenethyl: 

X is —C-C alkylidenyl optionally optionally substituted 
with 1 or 2 methyl groups; 

Z is SO; SO; S: or C(O); 
Y is H. C-Chaloalkyl, Cs-C heterocycloalkyl containing 

at least one N, O, or S: phenyl; OH: —N(Y)(Y); C-Co 
alkyl optionally substituted with 1 thru 3 substituents 
which can be the same or different and are selected from 
the group consisting of halogen, hydroxy, C-C alkoxy, 
C-C thioalkoxy, and C-C haloalkoxy; C-C, 
cycloalkyl optionally substituted with 1 group selected 
from C-C alkyl, and halogen; C-C alkoxy; phenyl 
optionally substituted with halogen, C-C alkyl, C-C, 
alkoxy, CN or NO; or phenyl C-C alkyl optionally 
Substituted with halogen, C-C alkyl, C-C alkoxy, CN 
or NO; wherein 
Y and Y are the same or different and are H; C–Co. 

alkyl optionally substituted with 1, or 2 substituents 
Selected from halogen, C-C alkoxy, C-C, 
cycloalkyl, and OH: C-C alkanoyl phenyl: —SO 
C-C alkyl, phenyl C-C alkyl, or C-C cycloalkyl 
C-C alkyl, or 

—NCY)(Y) forms a ring selected from piperazinyl, 
piperidinyl, morpholinyl, and pyrolidinyl, wherein 
each ring is optionally substituted with 1, 2, or 3 groups 
that are independently C-C alkyl, C-C alkoxy, 
C-C alkoxy C-C alkyl, or halogen; 

Ro at each occurrence is independently hydrogen, C-C, 
alkyl, halo C-C alkyl, or C-C alkanoyl, each of which 
is unsubstituted or substituted with 1, or 2 groups inde 
pendently selected from halogen, C-C alkyl, hydroxy, 
C-C alkoxy, NH, and —R-R-7, wherein 
R is —C(O)— —SO , or —CO : 
R-7 is C-C alkyl, benzyl, or phenethyl, wherein each of 

the above is unsubstituted or substituted with 1, 2, or 3 
groups that are independently C-C alkyl, C-C 
alkoxy, halogen, CF, or hydroxy C-C alkyl. 

More preferred compounds of formula X-VII include 
those wherein: 
R is C-C alkyl optionally substituted with 1, 2, or 3 

groups independently selected from the group consisting 
of Ros, —OC=ONRs Rao. —S(=O)2(C-C alkyl). 
—SH, -C=ONR sRao, and —S(=O)NRRo: 
—(CH2) (C-C) cycloalkyl wherein the cycloalkyl 
is optionally substituted with 1, 2, or 3 groups indepen 
dently selected from the group consisting of Ros, 
—COH, and —CO (C-C alkyl); —(CRR-so)- 
phenyl: —(CR-24s R2so)o-a-heteroaryl; —(CR 245R.2so)oa 
heterocycloalkyl, or —(CH2) —CH(C-C hydroxy 
alkyl)-(CH2)-heteroaryl; wherein 
each aryl is optionally Substituted with 1, 2, or 3 Roo, 
each heteroaryl is optionally substituted with 1, 2, 3, or 4 

R200: 
each heterocycloalkyl is optionally substituted with 1, 2, 

3, or 4 Ro: 
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24 
Roo at each occurrence is independently C-C alkyl 

optionally substituted with 1, 2, or 3 Ros groups; OH: 
—NO, halogen; —COH: C=N; —(CH2). CO— 
NR220R22s, —(CH2). CO—(C-C, alkyl); 
—(CH2). CORs, or —(CH2). O—(C-C, 
alkyl optionally substituted with 1, 2, 3, or 5 —F); 

Ros at each occurrence is independently C-C alkyl, 
halogen, —OH, -O-phenyl, -SH, -C=N. —CF, 
C-C alkoxy, NH, NH(C-C alkyl), or N (C-C, 
alkyl)(C-C alkyl); 

Ro at each occurrence is independently C-C alkyl 
optionally substituted with 1, 2, or 3 Ros groups; 
halogen; C-C alkoxy; C-C haloalkoxy; 
—NRRs, OH: C=N; C-C, cycloalkyl optionally 
Substituted with 1, 2, or 3 Ros groups; —CO—(C-C 
alkyl). —SO NRsRao. —CO NRs Rao. 
—SO (C-C alkyl); or =O; wherein 

Rs at each occurrence is independently C-C alkyl, 
—(CH2)-(phenyl), C-C, cycloalkyl, and 
—(CH2)-(heteroaryl), or —(CH2)-2-(heterocy 
cloalkyl); wherein the phenyl group at each occurrence 
is optionally substituted with 1, 2, or 3 groups that are 
independently Ros or Ro, wherein the heterocy 
cloalkyl group at each occurrence is optionally Substi 
tuted with 1, 2, or 3 Ro: wherein each heteroaryl 
group at each occurrence is optionally Substituted with 
1, 2, or 3 Ro: 

Ro and Rs at each occurrence are independently —H. 
—C-C alkyl, hydroxy C-C alkyl, halo C-C alkyl, 
—C-C, cycloalkyl, or —(C-C alkyl)-O-(C-C, 
alkyl); 

Rs and Rao at each occurrence are independently H, or 
C-C alkyl; 

Ras and Raso at each occurrence are independently H, 
C-C alkyl, C-C hydroxyalkyl, C-C alkoxy, or 
C-C haloalkoxy, or 

Ras and Raso are taken together with the carbon to which 
they are attached to form a carbocycle of 3, 4, 5, or 6 
carbon atoms. 

Even more preferred compounds of formula X-VII 
include those wherein: 
R is benzyl which is optionally substituted with 1, 2, 3, or 
4 groups independently selected from C-C alkyl option 
ally substituted with 1, or 2 substituents selected from 
halogen, OH, -SH, NH, NH(C-C alkyl). 
N—(C-C alkyl)(C-C alkyl), —C=N. —CF, and 
C-C alkoxy; halogen; C-C alkoxy; and OH: 

Ro at each occurrence is independently hydrogen, C-C, 
alkyl, C-C alkoxy C-C alkyl, C-C alkanoyl, each of 
which is unsubstituted or substituted with 1 or 2 groups 
independently selected from halogen, hydroxy, C–C 
alkoxy, and NH; 

R is C-C alkyl optionally substituted with 1, 2, or 3 
groups independently selected from the group consisting 
of Ros, -SH, -C=ONRs Rao, and —S(=O) 
NRs Rao. —(CH)—(C-C) cycloalkyl wherein the 
cycloalkyl is optionally Substituted with 1, 2, or 3 groups 
independently selected from the group consisting of Ros, 
—COH, and —CO (C-C alkyl); —(CRR-so)- 
phenyl optionally Substituted with 1, 2, or 3 Roo, 
—(CR-24s R2so)o-s-pyridyl, -(CR 245R.2so)o-s-pyridaZinyl: 
—(CR245R2so)o-3-pyrimidinyl: —(CR24sR2so)o-s-pyrazi 
nyl: —(CR-24s R2so)o-s-furyl, -(CR-24sR2so)o-s-indolyl, 
—(CR245R2so)o-s-thienyl: —(CR245R2so)o-3-pyrrolyl, 
—(CR245R2so)o-3-pyrazolyl: (CR24sR2so)o-s-benzoX 
azolyl; —(CRR so)o-imidazolyl; each of the above 
heteroaryl groups is optionally Substituted with 1, 2, 3, or 
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4 R200 —(CR245R2so)o-s-imidazolidinyl: (CR-24s 
R-so)-tetrahydrofuryl; (CRSR-so)-tetrahydropyra 
nyl: (CR-24s R2so)o-s-piperazinyl: (CR-24sR2so)o-3-pyrro 
lidinyl: (CR245R2so)o-3-piperidinyl: (CR-24sR2so)o-s-in 
dolinyl; each of the above heterocycloalkyl groups is 
optionally substituted with 1, 2, 3, or 4 Rao, (CH)— 
CH ((CH), OH)–(CH-)-phenyl: or -(CH)— 
CH(C-C hydroxyalkyl)-(CH2)-1-pyridyl; 
Roo at each occurrence is independently C-C alkyl 

optionally Substituted with 1, 2, or 3 Ros groups; OH: 
—NO, halogen; —COH: C=N; —(CH) CO— 
NR220R22s, —(CH2). CO—(C-Cs alkyl); 
—(CH2). CORs, or —(CH2). O—(C-C, 
alkyl optionally substituted with 1, 2, 3, or 5 —F); 

Ros at each occurrence is independently C-C alkyl, 
halogen, —OH, -O-phenyl, -SH, -C=N. —CF, 
C-C alkoxy, NH, NH(C-C alkyl), or N—(C-C, 
alkyl)(C-C alkyl); 

Ro at each occurrence is independently C-C alkyl 
optionally Substituted with 1 or 2 Ros groups; halogen; 
C-C alkoxy; C-C haloalkoxy; —NRRs; OH: 
C=N; C C, cycloalkyl optionally substituted with 1 or 
2 Ros groups; —CO—(C-C alkyl). —SO 
NRs Rao. —CO—NRs Rao. —SO (C-C, 
alkyl); or =O; wherein 

Rs at each occurrence is independently C-C alkyl, 
—(CH2)-(phenyl), C-C cycloalkyl, -(CH2)o- 
(pyridyl), —(CH)-(pyrrolyl), —(CH)-(imida 
Zolyl), —(CH2)-2-(pyrimidyl), —(CH2)-2-(pyrrolidi 
nyl), —(CH)-(imidazolidinyl), -(CH2)-2- 
(piperazinyl), —(CH2)-(piperidinyl), or —(CH)-- 
(morpholinyl); wherein the phenyl group at each 
occurrence is optionally Substituted with 1 or 2 groups 
that are independently Ros or Ro, wherein each 
heterocycloalkyl group at each occurrence is optionally 
substituted with 1 or 2 Ro: wherein each heteroaryl 
group at each occurrence is optionally Substituted with 
1 or 2 R21o: 

Ro and R-2s at each occurrence are independently —H. 
—C-C alkyl, hydroxy C-C alkyl, halo C-C alkyl: 
—C-C cycloalkyl, or —(C-C alkyl)-O-(C-C, 
alkyl); 

Rs and Rao at each occurrence are independently H, or 
C-C alkyl; 

Ras and Raso at each occurrence are independently H. 
C-C alkyl, C-C hydroxyalkyl, C-C alkoxy, or 
C-C haloalkoxy, or 

Ras and Raso are taken together with the carbon to which 
they are attached to form a carbocycle of 3, 5, or 6 
carbon atoms. 

Even more preferred compounds of formula X-VII 
include those wherein: 
Rs is benzyl; phenethyl, C-C alkyl optionally Substituted 

with 1, 2, or 3 groups that are independently halogen, 
cyano. —NRR-7, —C(O)NRR-7, or —C-C alkoxy; 
pyrrolidinyl, tetrahydrofuryl, tetrahydro-thienyl 1,1-diox 
ide, tetrahydrothienyl, pyranyl, piperidinyl, pyrrolidi 
nonyl, dihydropyridaZinonyl, 2-thioxo-thiazolidin-4-one, 
each of which is optionally substituted with 1 or 2 groups 
that are independently C-C alkyl, C-C alkoxy, halo 
gen, C-C alkanoyl, benzyl, and —SO, C-C alkyl: 
pyrrolidinonyl C-C alkyl optionally substituted with 1 
or 2 groups that are independently C-C alkyl, C-C, 
alkoxy, halogen, C-C alkanoyl phenyl C-C alkyl, and 
—SO C-C alkyl, C-C alkenyl: C-C alkynyl; pyra 
Zolyl, imidazolyl pyrazinyl, pyridyl, isoxazolyl, thiaz 
olyl, indolyl, each of which is optionally substituted with 
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26 
1, 2, or 3 groups that are independently OH, C-C alkyl, 
C-C alkoxy, halogen, NH, NH(C-C alkyl) or 
N(C-C alkyl)(C-C alkyl); pyridinyl C-C alkyl 
optionally substituted with 1, 2, or 3 groups that are 
independently C-C alkyl, C-C alkoxy, halogen, NH, 
NH(C-C alkyl) or N(C-C alkyl)(C-C alkyl); phe 
nyl; cyclopropyl; cyclopentyl; cyclohexyl, cyclopropyl 
methyl; wherein the phenyl, cycloalkyl, and cycloalkyla 
lkyl groups are optionally substituted with 1, 2, or 3 
groups that are independently halogen, CN, NO, C-C, 
alkyl, C-C alkoxy, C-C alkanoyl, C-C haloalkyl, 
C-C haloalkoxy, hydroxy, C–C hydroxyalkyl, or 
C-C thioalkoxy; 
R and R, are independently H, C-C alkyl, C-C, 

alkanoyl, or benzyl; 
X is —C-C alkylidenyl optionally optionally substituted 

with 1 or 2 methyl groups; 
Z is SO; SO; S: or C(O); 
Y is C-C haloalkyl, OH: —N(Y)(Y); C-C alkyl 

optionally substituted with 1 or 2 substituents which can 
be the same or different and are selected from the group 
consisting of halogen, hydroxy, C-C alkoxy, C–C 
thioalkoxy, and C-Chaloalkoxy; C-C alkoxy; phenyl 
optionally Substituted with halogen, C-C alkyl, C-C 
alkoxy, CN or NO; or benzyl optionally substituted with 
halogen, C-C alkyl, C-C alkoxy, CN or NO, wherein 
Y and Y are the same or different and are H; C-C alkyl 

optionally substituted with 1, 2, or 3 substituents 
Selected from halogen, C-C alkoxy, C-C, 
cycloalkyl, and OH: C-C alkanoyl phenyl: —SO 
C-C alkyl; benzyl; and C-C cycloalkyl C-C, 
alkyl; or 

—NCY)(Y) forms a ring selected from piperazinyl, 
piperidinyl, morpholinyl, and pyrolidinyl, wherein 
each ring is optionally Substituted with 1, 2, 3, or 4 
groups that are independently C-C alkyl, C-C, 
alkoxy, C-C alkoxy C-C alkyl, or halogen. 

Other even more preferred compounds of formula X-VII 
include those wherein: 
X is —C-C alkylidenyl: 
Z is SO; SO; S: or C(O); 
Y is OH: —N(Y)(Y); phenyl; benzyl; or C-C alkyl 

optionally substituted with 1 or 2 substituents which can 
be the same or different and are selected from halogen, 
hydroxy, methoxy, ethoxy, thiomethoxy, thioethoxy, and 
CF; wherein 
Y and Y are the same or different and are H; C-C alkyl 

optionally substituted with 1 or 2 substituents selected 
from halogen, methoxy, ethoxy, cyclopropyl, and OH: 
O 

—NCY)(Y) forms a ring selected from piperazinyl, 
piperidinyl, morpholinyl, and pyrolidinyl, wherein 
each ring is optionally Substituted with 1 or 2 groups 
that are independently C-C alkyl, C-C alkoxy, or 
halogen; 

R is benzyl which is optionally substituted with 1, 2, or 3 
groups independently selected from methyl, ethyl, n-pro 
pyl, isopropyl, hydroxymethyl, monohalomethyl, diha 
lomethyl, trihalomethyl, —CHCF, methoxymethyl, 
halogen, methoxy, ethoxy, n-propyloxy, isopropyloxy, 
and OH: 

R and R are independently H or C-C alkyl; 
Ro at each occurrence is independently hydrogen, C-C, 

alkyl, or C-C alkanoyl; 
R is C-C alkyl optionally Substituted with 1, 2, or 3 Ros 

groups; cyclopropyl, cyclopropylmethyl, cyclopentyl, 
cyclopentylmethyl, cyclohexyl, cyclohexylmethyl; 
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—(CRs Rso)o-phenyl optionally Substituted with 1 or 
2 Roo groups; or -(CRSR-so)o-pyridyl optionally 
Substituted with 1 or 2 Roo, 
Roo at each occurrence is independently C-C alkyl 

optionally substituted with 1 or 2 Ros groups; OH, or 
halogen; 

Ros at each occurrence is independently C-C alkyl, 
halogen, —OH, -SH, -C=N. —CF, or C-C, 
alkoxy; 

Ras and Raso at each occurrence are independently H, 
C-C hydroxyalkyl, or C-C alkoxy, or 

Ras and Raso are taken together with the carbon to which 
they are attached to form a carbocycle of 3 carbon 
atOmS. 

Additional more preferred compounds of formula X-VII 
include those wherein: 
Rs is benzyl; phenethyl, C-C alkyl optionally Substituted 

with 1, 2, or 3 groups that are independently halogen, 
cyano. —NRR-7, —C(O)NRR-7, or —C-C alkoxy; 
pyrrolidinyl, tetrahydrofuryl, tetrahydro-thienyl 1,1-diox 
ide, tetrahydrothienyl, pyranyl, piperidinyl, pyrrolidi 
nonyl, each of which is optionally substituted with 1 or 2 
groups that are independently C-C alkyl, C-C alkoxy, 
halogen, C-C alkanoyl, benzyl, and —SO C-C alkyl, 
pyrrolidinonyl C-C alkyl optionally substituted with 1 
or 2 groups that are independently C-C alkyl, C-C, 
alkoxy, halogen, C-C alkanoyl, C-C alkyl, and —SO 
C-C alkyl, C-C alkenyl: C-C alkynyl; pyridinyl 
C-C alkyl optionally Substituted with 1, or 2 groups that 
are independently C-C alkyl, C-C alkoxy, halogen, 
NH, NH(C-C alkyl) or N(C-C alkyl)(C-C alkyl); 
cyclopentyl; cyclohexyl, or cyclopropylmethyl; wherein 
the cycloalkyl, and cycloalkylalkyl groups are optionally 
Substituted with 1, or 2 groups that are independently 
halogen, CN, NO, methyl ethyl, methoxy, ethoxy, C. C. 
alkanoyl, CF. OCF, or hydroxy: 
R and R, are independently H. C-C alkyl, C-C, 

alkanoyl, or benzyl; 
Y is OH: —N(Y)(Y); phenyl; benzyl; or C-C alkyl 

optionally substituted with 1 or 2 substituents which can 
be the same or different and are selected from halogen, 
hydroxy, methoxy, ethoxy, thiomethoxy, thioethoxy, and 
CF; wherein 
Y and Y are the same or different and are H or C-C, 

alkyl optionally substituted with 1 or 2 substituents 
Selected from halogen, methoxy, ethoxy, cyclopropyl. 
and OH. 

Even more preferred compounds of formula X-VII 
include those of formula X-VIII: 

X-VIII 

No 
1. A2 O NH OH 21 A. 

Z -- 1 Nx Al 
O R245 R250 
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28 
wherein 
A and A are independently H. methyl, ethyl, propyl. 

methoxy, F, Cl, Br, I, CF or C-C alkynyl; and 
As and A are independently F, Cl, Br, I, methyl, ethyl, 

methoxy, ethoxy, or H. 
Preferred compounds of formulae X-VII and X-VIII 

include those wherein: 
A is methyl, ethyl, methoxy, C alkynyl, or I: 
As and A are independently H, F, Cl, Br, or I: 
X is C or C, alkylidenyl: 
Z is SO; SO; S: or C(O); and 
Y is phenyl, methyl, propyl. n-butyl, isobutyl, isopentyl, 

4-heptyl, 3-heptyl, 3-pentyl, or 5-nonyl; or 
Y is N(Y)(Y); wherein 
Y and Y are independently H or C-C alkyl. 
Preferred compounds of formula X-VIII include those of 

formula X-VIII-a 

X-VIII-a 

R51 No 

es OH 
Z 

1 Nx N-1- Al 
O E R245 R250 

N 
HA, 4. 

A3 

wherein 
As and A are independently H. F. Cl, methyl or methoxy; 
and 

Rs is benzyl; phenethyl: CH, CHCF. CHCHCN: 
CHCH-NHC(O)CH, CHC(O)N(CHCH); isopro 
pyl: CHCHOCH; pyrrolidinyl, tetrahydrofuryl, tet 
rahydro-thienyl 1,1-dioxide, tetrahydrothienyl, pyranyl. 
piperidinyl, pyrrolidinonyl, each of which is optionally 
substituted with 1 or 2 groups that are independently 
methyl, ethyl, methoxy, ethoxy, halogen, C-C alkanoyl, 
benzyl, and —SO, C-C alkyl, pyrrolidinonyl C-C, 
alkyl; allyl, propargyl; pyridinyl C-C alkyl, cyclopen 
tyl; cyclohexyl, or cyclopropylmethyl. 
Other preferred compounds of formula X-VII include 

those of formula X-IX 

X-DX 

Rsin, 
1. A2 O NH OH 21 A. 

Z 
1 Yx n9 N Al 
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3-(butylsulfonyl)-N-1--(1S,2R)-1-(3,5-difluorobenzyl)- 
2-hydroxy-3-3-(trifluoromethyl)benzyl)aminopropyl)- 
N-2-(methoxycarbonyl)-D-alaninamide: 

3-(butylsulfonyl)-N-1--(1S,2R)-1-(3,5-difluorobenzyl)- 
3-1-(3-ethylphenyl)cyclopropylamino-2-hydroxypro 
pyl)-N-2-(methoxycarbonyl)-D-alaninamide: 

3-(butylsulfonyl)-N-1--(1S,2R)-1-(3,5-difluorobenzyl)- 
3-1-(3-ethynylphenyl)cyclopropylamino-2-hydroxypro 
pyl)-N-2-(methoxycarbonyl)-D-alaninamide: 

3-(butylsulfonyl)-N-1--(1S,2R)-1-(3,5-difluorobenzyl)- 
2-hydroxy-3-(1-3-(trifluoromethyl)phenyl 
cyclopropylamino)propyl-N-2-(methoxycarbonyl)-D- 
alaninamide; and pharmaceutically acceptable salts thereof. 

Other preferred compounds of the invention include those 
of formula X-XI, i.e., compounds of formula X-II wherein 
Ry is: 

Z (CH2)-CHC(O) 

N 
Rs.1 YO-Rs 

O 

wherein 
n, is 0, 1, 2, or 3: 
Rso is H or C-C alkyl, 
Rs is selected from the group consisting of cyclopropyl; 

cyclopentyl; cyclohexyl: C-C alkyl optionally substi 
tuted with 1, 2, or 3 groups that are independently 
halogen, —NRR-7, C-C alkoxy, Cs-C heterocy 
cloalkyl, Cs-C heteroaryl, phenyl, C-C cycloalkyl, 
—S C-C alkyl, -SO-C-C alkyl, -COH, 
—CONRR, -CO-C-C alkyl, or phenyloxy; het 
eroaryl optionally substituted with 1, 2, or 3 groups that 
are independently C-C alkyl, C-C alkoxy, halogen, 
C-Chaloalkyl, or OH: heterocycloalkyl optionally sub 
stituted with 1, 2, or 3 groups that are independently 
C-C alkyl, C-C alkoxy, halogen, or C-C alkanoyl; 
phenyl optionally substituted with 1, 2, 3, or 4 groups that 
are independently halogen, OH, C-C alkyl, C-C, 
alkoxy, or C-C haloalkyl; and —NRR-7, wherein 
R and R, are independently selected from the group 

consisting of H. C-C alkyl, C-C alkanoyl phenyl, 
—SO C-C alkyl, and phenyl C-C alkyl; 

X is C-C alkylidenyl optionally optionally substituted 
with 1, 2, or 3 methyl groups; or —NRae -, or 

Ra and Rae combine to form —(CH), , wherein 
no is 1, 2, 3, or 4: 

Z is a bond; SO; SO; S: or C(O); 
Y is H. C-Chaloalkyl: Cs-C heterocycloalkyl containing 

at least one N, O, or S: phenyl; OH: —NCY)(Y); C-Co 
alkyl optionally substituted with 1 thru 3 substituents 
which can be the same or different and are selected from 
halogen, hydroxy, alkoxy, thioalkoxy, and haloalkoxy; 
C-C cycloalkyl optionally substituted with 1, 2, or 3 
groups independently selected from C-C alkyl, and 
halogen; alkoxy; phenyl optionally Substituted with halo 
gen, C-C alkyl, C-C alkoxy, CN or NO, or phenyl 
C-C alkyl optionally Substituted with halogen, C-C, 
alkyl, C-C alkoxy, CN or NO; wherein 
Y and Y are the same or different and are H; C–Co. 

alkyl optionally substituted with 1, 2, or 3 substituents 
Selected from halogen, C-C alkoxy, C–Cs 
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36 
cycloalkyl, and OH: C-C alkenyl: C-C alkanoyl; 
phenyl: —SO C-C alkyl, phenyl C-C alkyl; or 
C-C cycloalkyl C-C alkyl; or 

—NCY)(Y) forms a ring selected from piperazinyl, 
piperidinyl, morpholinyl, and pyrolidinyl, wherein 
each ring is optionally Substituted with 1, 2, 3, or 4 
groups that are independently C-C alkyl, C-C, 
alkoxy, C-C alkoxy C-C alkyl, or halogen; and 

Ro at each occurrence is independently hydrogen, C-C, 
alkyl, C-C alkoxy C-C alkyl, halo C-C alkyl, or 
C-C alkanoyl, each of which is unsubstituted or Sub 
stituted with 1, or 2 groups independently selected from 
halogen, C-C alkyl, hydroxy, C-C alkoxy, NH, and 
—R-R-7, wherein 
R is —C(O)— —SO , 
—C(O)N(C-C alkyl)-; 

R27 is C-C alkyl, C-C alkoxy, aryl C-C alkyl, 
heterocycloalkyl, or heteroaryl, wherein each of the 
above is unsubstituted or substituted with 1, 2, 3, 4, or 
5 groups that are independently C-C alkyl, C-C 
alkoxy, halogen, halo C-C alkyl, hydroxy C-C, 
alkyl, —C(O)NH2, NH, NH(C-C alkyl), N(C-C, 
alkyl)(C-C alkyl), —C(O)NH(C-C alkyl), or 
—C(O)N(C-C alkyl)(C-C alkyl). 

Preferred compounds of formula X-XI include those of 
formula X-XI-a, i.e., formuala X-XI wherein 
R and R are independently H or C-C alkyl optionally 

substituted with 1, or 2 substituents selected from halo 
gen, OH, SH, C=N. CF, and C-C alkoxy; and 

R is C-C alkyl optionally substituted with 1, 2, or 3 
groups independently selected from the group consisting 
of Ros, —OC=ONR sRao. —S(=O)2(C-C alkyl). 
—SH, -C=ONR Rao, and —S(=O)NR's Ro: 
—(CH2) (CCs) cycloalkyl wherein the cycloalkyl 
is optionally substituted with 1, 2, or 3 groups indepen 
dently selected from the group consisting of Ros, 
—COH, and —CO (C-C alkyl); —(CRR-so)- 
phenyl: —(CR245R2so)o-a-heteroaryl; —(CR245R2so)o-a- 
heterocycloalkyl, or —(CH2) —CH(C-C hydroxy 
alkyl)-(CH2)-heteroaryl; wherein each aryl is 
optionally Substituted with 1, 2, or 3 Roo, 
each heteroaryl is optionally substituted with 1, 2, 3, or 4 

R200; 
each heterocycloalkyl is optionally substituted with 1, 2, 

3, or 4 Ro: 
Roo at each occurrence is independently C-C alkyl 

optionally substituted with 1, 2, or 3 Ros groups; OH: 
—NO, halogen; —COH: C=N; —(CH2). CO— 
NRRs: —(CH) CO—(C-C alkyl); 
—(CH2). CORs, or —(CH2). O—(C-C, 
alkyl optionally substituted with 1, 2, 3, or 5 —F); 

Ros at each occurrence is independently C-C alkyl, 
halogen, —OH, -O-phenyl, -SH, -C=N. —CF, 
C-C alkoxy, NH, NH(C-C alkyl), or N (C-C, 
alkyl)(C-C alkyl); 

Rao at each occurrence is independently C-C alkyl 
optionally substituted with 1, 2, or 3 Ros groups; 
halogen; C-C alkoxy; C-C haloalkoxy; 
—NRRs, OH: C=N; C C, cycloalkyl optionally 
Substituted with 1, 2, or 3 Ros groups; —CO—(C-C 
alkyl). —SO NRsRao. —CO NRs Rao. 
—SO (C-C alkyl); or =O; wherein 

Rs at each occurrence is independently C-C alkyl, 
—(CH2)-(phenyl), C C, cycloalkyl, and 
—(CH2)-(heteroaryl), or —(CH2)-2-(heterocy 
cloalkyl); wherein the phenyl group at each occurrence 
is optionally substituted with 1, 2, or 3 groups that are 

, Or 
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independently Ros or Ro, wherein the heterocy 
cloalkyl group at each occurrence is optionally Substi 
tuted with 1, 2, or 3 Ro: wherein each heteroaryl 
group at each occurrence is optionally Substituted with 
1, 2, or 3 Ro: 

Ro and R-2s at each occurrence are independently —H. 
—C-C alkyl, hydroxy C-C alkyl, halo C-C alkyl: 
—C-C, cycloalkyl, or —(C-C alkyl)-O-(C-C 
alkyl); 

Rs and Rao at each occurrence are independently H, or 
C-C alkyl; 

Ras and Raso at each occurrence are independently H. 
C-C alkyl, C-C hydroxyalkyl, C-C alkoxy, or 
C-C haloalkoxy, or 

Ras and Raso are taken together with the carbon to which 
they are attached to form a carbocycle of 3, 4, 5, or 6 
carbon atoms. 

More preferred compounds of formula X-XI-a include 
those of formula X-XI-b, i.e. X-XI-a, wherein 
R is benzyl which is optionally substituted with 1, 2, 3, or 
4 groups independently selected from C-C alkyl option 
ally substituted with 1, or 2 substituents selected from 
halogen, OH, -SH, NH, NH(C-C alkyl). 
N—(C-C alkyl)(C-C alkyl), —C=N. —CF, and 
C-C alkoxy; halogen; C-C alkoxy; and OH. 
Even more preferred compounds of formula X-XI-b 

include those of formula X-XI-c, i.e., X-XI-b wherein 
n, is 0, 1, or 2: 
Rs is selected from the group consisting of cyclopropyl; 

cyclopentyl; cyclohexyl, C-C alkyl optionally substi 
tuted with 1, 2, or 3 groups that are independently 
halogen, —NRR-7, C-C alkoxy, Cs C. heterocy 
cloalkyl, Cs-C heteroaryl, phenyl, C-C, cycloalkyl, 
—S C-C alkyl, -SO-C-C alkyl, -COH, 
—CONRR, CO-C-C alkyl, or phenyloxy: 
pyridyl, thiazolyl pyrazolyl pyrazinyl, each of which is 
optionally substituted with 1, 2, or 3 groups that are 
independently C-C alkyl, C-C alkoxy, halogen, 
C-C haloalkyl, or OH: piperidinyl, dihydropyridazi 
nonyl, pyrrolidinonyl, thioXothiazolidinonyl, isoxazolyl, 
imidazolyl, indolyl, each of which is optionally substi 
tuted with 1, 2, or 3 groups that are independently C-C, 
alkyl, C-C alkoxy, halogen, or C-C alkanoyl; phenyl 
optionally Substituted with 1, 2, 3, or 4 groups that are 
independently halogen, OH, C-C alkyl, C-C alkoxy, 
or C-C haloalkyl; and —NRR-7, wherein 
R and R, are independently selected from the group 

consisting of H. C-C alkyl, C-C alkanoyl phenyl, 
—SO C-C alkyl, benzyl, and phenethyl. 

More preferred compounds of formulae X-XI, X-XI-a, 
X-XI-b X-XI-c include those wherein 
Ro at each occurrence is independently hydrogen, C-C, 

alkyl, C-C alkoxy C-C alkyl, C-C alkanoyl, each of 
which is unsubstituted or substituted with 1 or 2 groups 
independently selected from halogen, hydroxy, C–C 
alkoxy, tertiary-butoxy carbonyl, benzyloxycarbonyl, and 
NH; 

R is C-C alkyl optionally substituted with 1, 2, or 3 
groups independently selected from the group consisting 
of Ros, -SH, -C=ONRs Rao, and —S(=O) 
NRSRao. —(CH)—(C-C) cycloalkyl wherein the 
cycloalkyl is optionally Substituted with 1, 2, or 3 groups 
independently selected from the group consisting of Ros, 
—COH, and —CO (C-C alkyl); —(CRR-so)- 
phenyl optionally Substituted with 1, 2, or 3 Roo, 
—(CR24sR2so)o-s-pyridyl: —(CR24sR2so)o-s-pyridaZinyl: 
—(CR24sR2so)o-s-pyrimidinyl: —(CR245R2so)o-3-pyrazi 
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38 
nyl: —(CR245R2so)o-s-furyl, -(CR24sR2so)o-s-indolyl, 
—(CR-24s R2so)o-s-thienyl: —(CR245R.2so)o-3-pyrrolyl, 
—(CR245R2so)o-3-pyrazolyl: (CR24sR2so)o-s-benzoX 
azolyl; —(CRR so)o-imidazolyl; each of the above 
heteroaryl groups is optionally Substituted with 1, 2, 3, or 
4 R200 —(CR24sR2so)o-s-imidazolidinyl: (CR-24s 
R-so)-tetrahydrofuryl; (CRSR-so)-tetrahydropyra 
nyl: (CR-24sR2so)o-s-piperazinyl: (CR-24sR2so)o-3-pyrro 
lidinyl: (CR 245R.2so)o-s-piperidinyl: (CR-24sR2so)o-s-in 
dolinyl; each of the above heterocycloalkyl groups is 
optionally substituted with 1, 2, 3, or 4 Rao, (CH)— 
CH((CH), OH)—(CH2)o-phenyl; or —(CH)— 
CH (C-C hydroxyalkyl)- (CH)-pyridyl; 
Roo at each occurrence is independently C-C alkyl 

optionally Substituted with 1, 2, or 3 Ros groups; OH: 
—NO; halogen; —COH: C=N; —(CH) CO— 
NR220R22s, —(CH2). CO—(C–Cs alkyl); 
—(CH2). CORs, or —(CH2). O—(C-C, 
alkyl optionally substituted with 1, 2, 3, or 5 —F); 

Ros at each occurrence is independently C-C alkyl, 
halogen, —OH, -O-phenyl, -SH, -C=N. —CF, 
C-C alkoxy, NH, NH(C-C alkyl), or N—(C-C, 
alkyl)(C-C alkyl); 

Ro at each occurrence is independently C-C alkyl 
optionally Substituted with 1 or 2 Ros groups; halogen; 
C-C alkoxy; C-C haloalkoxy; —NRoRs, OH: 
C=N; C C, cycloalkyl optionally substituted with 1 or 
2 Ros groups: —CO—(C-C alkyl). —SO 
NRSRao. -CO—NRs Rao. —SO (C-C 
alkyl); or =O; wherein 

Rs at each occurrence is independently C-C alkyl, 
—(CH-)-(phenyl), C-C cycloalkyl, -(CH2)-2- 
(pyridyl), —(CH)-(pyrrolyl), —(CH)-(imida 
Zolyl), —(CH2)-2-(pyrimidyl), —(CH2)-2-(pyrrolidi 
nyl), —(CH)-(imidazolidinyl) -(CH2)o- 
(piperazinyl), —(CH2)-(piperidinyl), or —(CH)- 
(morpholinyl); wherein the phenyl group at each 
occurrence is optionally Substituted with 1 or 2 groups 
that are independently Ros or Ro, wherein each 
heterocycloalkyl group at each occurrence is optionally 
substituted with 1 or 2 Ro: wherein each heteroaryl 
group at each occurrence is optionally Substituted with 
1 or 2 R21o: 

Ro and Ras at each occurrence are independently —H. 
—C-C alkyl, hydroxy C-C alkyl, halo C-C alkyl, 
—C-C cycloalkyl, or —(C-C alkyl)-O-(C-C, 
alkyl); 

Rs and Rao at each occurrence are independently H, or 
C-C alkyl; 

Ras and Raso at each occurrence are independently H, 
C-C alkyl, C-C hydroxyalkyl, C-C alkoxy, or 
C-C haloalkoxy, or 

Ras and Raso are taken together with the carbon to which 
they are attached to form a carbocycle of 3, 5, or 6 
carbon atoms. 

Still other more preferred compounds of formulae X-XI, 
X-XI-a, X-XI-b and X-XI-c include those wherein 
X is —C-C alkylidenyl optionally optionally Substituted 

with 1 or 2 methyl groups; 
Z is SO; SO; S: or C(O); 
Y is H; C–C haloalkyl; pyrrolidinyl; piperidinyl; imida 

Zolidinyl; piperazinyl; OH: —NCY)(Y); C-C alkyl 
optionally substituted with 1 thru 3 substituents which can 
be the same or different and are selected from halogen, 
hydroxy, C-C alkoxy, C–C thioalkoxy, and C-C 
haloalkoxy; C-C cycloalkyl optionally Substituted with 
1, 2, or 3 groups independently selected from C-C alkyl 
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and halogen; C-C alkoxy; phenyl, benzyl or phenethyl 
each of which is optionally substituted with halogen, 
C-C alkyl, C-C alkoxy, CN or NO; wherein 
Y and Y are indepenently H; C-C alkyl optionally 

Substituted with 1, 2, or 3 substituents selected from 
halogen, C-C alkoxy, C-C cycloalkyl, and OH: 
C-C alkanoyl; phenyl; —SO C-C alkyl, phenyl 
C-C alkyl; or C-C cycloalkyl C-C alkyl; or 

—NCY)(Y) forms a ring selected from piperazinyl, 
piperidinyl, morpholinyl, and pyrolidinyl, wherein 
each ring is optionally substituted with 1, 2, or 3 groups 
that are independently C-C alkyl, C-C alkoxy, 
C-C alkoxy C-C alkyl, or halogen; and 

R and R are independently H or C-C alkyl. 
Still other even more preferred compounds of formula 

X-XI include those of formula X-XII, i.e., compounds of 
formula X-XI wherein 
n, is 0, or 1; 
Rs is selected from the group consisting of cyclopropyl; 

cyclobutyl, cyclopentyl; cyclohexyl, C-C alkyl option 
ally Substituted with 1, 2, or 3 groups that are indepen 
dently halogen, —NRR-7, C-C alkoxy, piperidinyl, 
pyrrolidinyl, tetrahydrofuryl, tetrahydrothienyl dioxide, 
pyranyl, pyridyl, phenyl, C-C cycloalkyl, S C-C 
alkyl, SO C-C alkyl, COH, CONRR, CO 
C-C alkyl, or phenyloxy; pyridyl, thiazolyl pyrazolyl, 
pyrazinyl, optionally substituted with 1, 2, or 3 groups 
that are independently C-C alkyl, C-C alkoxy, halo 
gen, C-C haloalkyl, or OH: piperidinyl, dihydropy 
ridazinonyl, pyrrolidinonyl, thioXothiazolidinonyl, isoX 
azolyl, imidazolyl, indolyl, optionally substituted with 1, 
2, or 3 groups that are independently C-C alkyl, C-C, 
alkoxy, halogen, or C-C alkanoyl; phenyl optionally 
Substituted with 1, 2, 3, or 4 groups that are independently 
halogen, OH, C-C alkyl, C-C alkoxy, or C-C, 
haloalkyl; and —NRR,; wherein 
Re and R7 are independently selected from the group 

consisting of H. C-C alkyl, C-C alkanoyl phenyl, 
—SO C-C alkyl, and benzyl; 

Ro at each occurrence is independently hydrogen, C-C, 
alkyl, C-C alkanoyl, tertiary-butoxy carbonyl, and ben 
Zyloxycarbonyl: 

R is C-C alkyl optionally substituted with 1 or 2 groups 
independently selected from Ros, and —SH: 
—(CH2) (C-C) cycloalkyl wherein the cycloalkyl 
is optionally substituted with 1 Ros group; 
—(CRR so)-phenyl optionally substituted with 1 or 
2 R200 —(CR245R2so)o-3-pyridyl: —(CR245R2so)o-3-pyr 
rolyl (CR-24sR2so)o-s-benzoxazolyl; —(CR 245R.2so)o-s- 
imidazolyl; each of the above heteroaryl groups is option 
ally Substituted with 1 or 2 Roo. —(CR-24s R2so)o-s- 
imidazolidinyl: (CR2sR2so)o-s-tetrahydrofuryl; 
(CR245R2so)o-3-tetrahydropyranyl: (CR24sR2so)o-3-pyrro 
lidinyl: (CRRs)-piperidinyl; each of the above 
heterocycloalkyl groups is optionally substituted with 1 or 
2 Rio (CH)—CH((CH), OH)—(CH)-phe 
nyl; or —(CH)—CH(C-C hydroxyalkyl)-(CH2)-- 
pyridyl; 
Roo at each occurrence is independently C-C alkyl 

optionally Substituted with 1, 2, or 3 Ros groups; OH: 
NO.; halogen; CO.H. C=N; or -(CH), O 
(C-C alkyl optionally substituted with 1, 2, 3, or 5 
—F); 

Ros at each occurrence is independently C-C alkyl, 
halogen, OH, -O-phenyl, SH, C=N, CF, C-C, 
alkoxy, NH, NH(C-C alkyl), or N(C-C alkyl) 
(C-C alkyl); 
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Ro at each occurrence is independently C-C alkyl 

optionally substituted with 1 Ros group; halogen; 
C-C alkoxy; C–C haloalkoxy; OH: C=N; or =O; 
wherein 

Rs and Rao at each occurrence are independently H, or 
C-C alkyl; 

Ras and Raso at each occurrence are independently H. 
C-C alkyl, C-C hydroxyalkyl, C-C alkoxy, or 

Ras and Rs are taken together with the carbon to which 
they are attached to form a carbocycle of 3, 5, or 6 
carbon atoms; 

X is —C-C alkylidenyl: 
Z is SO; SO; S: or C(O); 
Y is H; C–C haloalkyl; pyrrolidinyl; piperidinyl; imida 

Zolidinyl; piperazinyl; OH: —NCY)(Y); C-C alkyl 
optionally substituted with 1 thru 3 substituents which can 
be the same or different and are selected from halogen, 
hydroxy, C-C alkoxy, C–C thioalkoxy, and C-C 
haloalkoxy: C-C cycloalkyl optionally substituted with 
1, 2, or 3 groups independently selected from C-C alkyl 
and halogen; C-C alkoxy; phenyl, benzyl or phenethyl 
each of which is optionally substituted with halogen, 
C-C alkyl, C-C alkoxy, CN or NO; wherein 
Y and Y are indepenently H; C-C alkyl optionally 

Substituted with 1, 2, or 3 substituents selected from 
halogen, C-C alkoxy, C-C cycloalkyl, and OH: 
C-C alkanoyl; phenyl; —SO C-C alkyl; phenyl 
C-C alkyl, or C-C cycloalkyl C-C alkyl; or 

—NCY)(Y) forms a ring selected from piperazinyl, 
piperidinyl, and pyrolidinyl, wherein each ring is 
optionally Substituted with 1, or 2 groups that are 
independently C-C alkyl, C-C alkoxy, C–C 
alkoxy C-C alkyl, or halogen; 

R and Rs are independently H or C-C alkyl, and 
R is benzyl which is optionally substituted with 1, 2, or 3 

groups independently selected from C-C alkyl option 
ally substituted with 1 substituent selected from halogen, 
—OH, NH, NH(C-C alkyl), N (C-C alkyl)(C-C, 
alkyl), —C=N. —CF, and C-C alkoxy; halogen; 
C-C alkoxy; and OH. 
More preferred compounds of formula X-XI and pre 

ferred compounds of formula X-XII include those of for 
mula X-XIII wherein 

X-XIII 

Rs 
A2 1. R50 O N1 Rao OH. R. 2y. 

Z N N 
1 Nx N Al 

O R245 R250 

y 
A3 

wherein 
A is H. C-C alkyl, C-C alkoxy, or C-C alkynyl: 
A is H. C-C alkyl, C-C alkoxy, C-C haloalkoxy, 
C-C haloalkyl or OH: 

As and A are independently H, F, Cl, Br, or I: 
Rs is selected from cyclopropyl, cyclobutyl, cyclopentyl: 

cyclohexyl, pyridyl, thiazolyl pyrazolyl, or pyrazinyl 
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each of which is optionally substituted with 1, 2, or 3 
groups that are independently C-C alkyl, C-C alkoxy, 
halogen, C-C haloalkyl, or OH; piperidinyl, dihydro 
pyridaZinonyl, pyrrolidinonyl, thioXothiazolidinonyl, 
isoxazolyl, imidazolyl, or indolyl each of which is option 
ally substituted with 1, or 2 groups that are independently 
C-C alkyl, C-C alkoxy, halogen, or C-C alkanoyl: 
phenyl optionally substituted with 1, 2, 3, or 4 groups that 
are independently halogen, OH, C-C alkyl, C-C, 
alkoxy, or C-C haloalkyl; and —NRR7. 
Preferred compounds of formula X-XIII include those 

wherein 
Ro at each occurrence is independently H or C-C alkyl; 
X is C or C. alkylidenyl: 
Z is SO; SO; S: or C(O); and 
Y is phenyl: C-C alkyl optionally substituted with 1, 2, or 

3 halogen; or OH; or 
Y is N(Y)(Y); wherein 
Y and Y are independently H or C-C alkyl. 
More preferred compounds of formula X-XIII include 

those of formula X-XIV: 

X-XIV 

R5 
A2 1. R50 O N1 i OH 21 A. 

Z N-N-N 1 Nx N A. 

O E R245 R250 
N A4 

| 1 y 
A3 

Preferred compounds of formulas X-XIII and X-XIV 
include those wherein 
A is C-C alkyl, C alkynyl, or I; 
Rso is H or C-C alkyl, 
A is H. C-C alkyl, C-C alkoxy, OCF, CF or OH: 
As and A are independently H, F, Cl, Br, or I. 

Even more preferred compounds of formulas X-XIII and 
X-XIV include those wherein 
Ras and Raso are both hydrogen or Ras and Raso form a 

cyclopropyl group. 
Other preferred compounds of formula X-XII include 

those of formula X-XV: 

X-XV 

R5 
A2 1. R50 O N1 Rao OH Rao 2A 

Z N N 
1 Nx N Al 

O R245 R250 
N A4 

| 1 y 
A3 
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wherein 
A is H. C-C alkyl, C-C alkoxy, C alkynyl, or I; 
A is H. C-C alkyl, C-C alkoxy, C-C haloalkoxy, 
C-C haloalkyl or OH: 

As and A are independently H, F, Cl, Br, or I: 
Rs is C-C alkyl optionally substituted with 1, 2, or 3 

groups that are independently halogen, —NRR-7, C-C 
alkoxy, piperidinyl, pyrrolidinyl, pyridyl, phenyl, C-C, 
cycloalkyl, S C-C alkyl, SO C-C alkyl, COH, 
CONRR, CO, C-C alkyl, or phenyloxy; and 
—NRR, wherein 
R and R, are independently selected from the group 

consisting of H. C-C alkyl, C-C alkanoyl phenyl, 
and —SO C-C alkyl. 

Preferred compounds of formula X-XV include those 
wherein 
Ro at each occurrence is independently H or C-C alkyl; 
X is C or C, alkylidenyl: 
Z is SO; SO; S: or C(O); and 
Y is phenyl: C-C alkyl optionally substituted with 1, 2, or 

3 halogen; or OH; or 
Y is N(Y)(Y); wherein 
Y and Y are independently H or C-C alkyl. 
More preferred compounds of formula X-XV include 

those of formula X-XVI: 

XVI 

Rs 
A2 1s O N1 OH 21 A. 

Z N-N-N 1 Nx S A. 

O E R245 R250 

y 
A3 

Preferred compounds of formulas X-XV and X-XVI 
include those wherein 
A is C-C alkyl: 
Rso is H or C-C alkyl; 
A is H, C-C alkyl, C-C alkoxy, OCF, CF, or OH: 
As and A are independently H, F, Cl, Br, or I. 
More preferred compounds of formulas X-XV and X-XVI 

include those wherein 
R2s and R2so are both hydrogen or R2s and R2so form a 

cyclopropyl group. 
Other preferred compounds of formula X-XII include 

those of formula X-XVII: 

X-XVII 
Rs 

1. R50 O N1" R. 20 

- ZN N 
Y X 
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wherein 
R is C-C alkyl, cyclopropyl, cyclopentyl, cyclohexyl, or 
—(C-C)alkyl-cyclopropyl; 

As and A are independently H, F, Cl, Br, or I: 
Rs is selected from cyclopropyl, cyclopentyl; cyclohexyl, 

pyridyl, thiazolyl pyrazolyl, or pyrazinyl each of which is 
optionally substituted with 1, 2, or 3 groups that are 
independently C-C alkyl, C-C alkoxy, halogen, 
C-C haloalkyl, or OH: piperidinyl, dihydropyridazi 
nonyl, pyrrolidinonyl, thioXothiazolidinonyl, isoxazolyl, 
imidazolyl, or indolyl each of which is optionally substi 
tuted with 1, or 2 groups that are independently C-C 
alkyl, C-C alkoxy, halogen, or C-C alkanoyl; phenyl 
optionally Substituted with 1, 2, 3, or 4 groups that are 
independently halogen, OH, C-C alkyl, C-C alkoxy, 
or C-C haloalkyl; and —NRR-7. 
Preferred compounds of formula X-XVII include those 

wherein 
Ro at each occurrence is independently H or C-C alkyl; 
X is C or C. alkylidenyl: 
Z is SO; SO; S: or C(O); and 
Y is phenyl: C-C alkyl optionally substituted with 1, 2, or 

3 halogen; or OH; or 
Y is N(Y)(Y); wherein 
Y and Y are independently H or C-C alkyl. 
More preferred compounds of formula X-XVII include 

those of formula X-XVIII: 

X-XVIII 

A3 

Preferred compounds of formulas X-XVII and X-XVIII 
include those wherein 
Rs is H or C-C alkyl: 
As and A are independently H. F. Cl, Br, or I. 
More preferred compounds of formulas X-XVII and 

X-XVIII include those wherein 
R2s and R2so are both hydrogen or R2s and R2so form a 

cyclopropyl group. 
Other preferred compounds of formula X-XII include 

those of formula X-XIX: 

X-XIX 
Rs 

1. R50 O N1 Rao OH. R. 
- ZN N N 

Y X 
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44 
wherein 
R is C-C alkyl, cyclopropyl, cyclopentyl, cyclohexyl, or 
—(C-C)alkyl-cyclopropyl; 

As and A are independently H, F, Cl, Br, or I: 
Rs is C-C alkyl optionally substituted with 1, 2, or 3 

groups that are independently halogen, —NRR-7, C-C 
alkoxy, piperidinyl, pyrrolidinyl, pyridyl, phenyl, C-C, 
cycloalkyl, S C-C alkyl, SO C-C alkyl, COH, 
CONRR, CO, C-C alkyl, or phenyloxy; wherein 
Re and R7 are independently selected from the group 

consisting of H. C-C alkyl, C-C alkanoyl phenyl, 
and —SO C-C alkyl. 

Preferred compounds of formula X-XIX include those 
wherein 
Ro at each occurrence is independently H or C-C alkyl; 
X is C or C. alkylidenyl: 
Z is SO; SO; S: or C(O); and 
Y is phenyl: C-C alkyl optionally substituted with 1, 2, or 

3 halogen; or OH; or 
Y is N(Y)(Y); wherein 
Y and Y are independently H or C-C alkyl. 
Preferred compounds of formula X-XIX include those of 

X-XX 

Preferred compounds of formulas X-XIX and X-XX 
include those wherein 
Rso is H or C-C alkyl; 
As and A are independently H, F, Cl, Br, or I. 
More preferred compounds of formulas X-XIX and X-XX 

include those wherein 
R2s and R2so are both hydrogen or R2s and R2so form a 

cyclopropyl group. 
Representative compounds of formula X-XI are: 
3-(butylsulfonyl)-N-1-(1S,2R)-1-(3,5-difluoroben 

Zyl)-3-(3-ethylbenzyl)amino-2-hydroxypropyl-N-2-(3, 
3,3-trifluoropropanoyl)-D-alaninamide: 

3-(butylsulfonyl)-N-1-(1S,2R)-1-(3,5-difluoroben 
Zyl)-3-(3-ethylbenzyl)amino-2-hydroxypropyl-N-2- 
(trifluoroacetyl)-D-alaninamide: 

N-2-acetyl-3-(butylsulfonyl)-N-1-(1S,2R)-1-(3,5-di 
fluorobenzyl)-3-(3-ethylbenzyl)amino-2-hydroxypropyl 
D-alaninamide; 

3-(butylsulfonyl)-N-1-(1S,2R)-1-(3,5-difluoroben 
Zyl)-3-(3-ethylbenzyl)amino-2-hydroxypropyl-N-2- 
(pyridin-4-ylcarbonyl)-D-alaninamide; 

3-(butylsulfonyl)-N-2-(cyclopropylcarbonyl)-N-1- 
(1S,2R)-1-(3,5-difluorobenzyl)-3-(3-ethylbenzyl)amino 
2-hydroxypropyl-D-alaninamide: 

3-(butylsulfonyl)-N-1-(1S,2R)-1-(3,5-difluoroben 
Zyl)-3-(3-ethylbenzyl)amino-2-hydroxypropyl-N-2- 
(beta-alanyl)-D-alaninamide; 
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—(CH2). CORs, or —(CH2). O—(C-C, 
alkyl optionally substituted with 1, 2, 3, or 5 —F); 

Ros at each occurrence is independently C-C alkyl, 
halogen, —OH, -O-phenyl, -SH, -C=N. —CF, 
C-C alkoxy, NH, NH(C-C alkyl), or N (C-C, 
alkyl)(C-C alkyl); 

Ro at each occurrence is independently C-C alkyl 
optionally substituted with 1, 2, or 3 Ros groups; 
halogen; C-C alkoxy; C-C haloalkoxy; 
—NRRs, OH: C=N; C-C, cycloalkyl optionally 
Substituted with 1, 2, or 3 Ros groups; —CO—(C-C 
alkyl). —SO NRs Rao. —CO—NRRo: 
—SO (C-C alkyl); or =O; wherein 

Rs at each occurrence is independently C-C alkyl, 
—(CH)-(phenyl), C-C, cycloalkyl, and 
—(CH2)-(heteroaryl), or —(CH2)-2-(heterocy 
cloalkyl); wherein the phenyl group at each occurrence 
is optionally substituted with 1, 2, or 3 groups that are 
independently Ros or Ro, wherein the heterocy 
cloalkyl group at each occurrence is optionally Substi 
tuted with 1, 2, or 3 Ro: wherein each heteroaryl 
group at each occurrence is optionally Substituted with 
1, 2, or 3 Ro: 

Ro and R-2s at each occurrence are independently —H. 
—C-C alkyl, hydroxy C-C alkyl, halo C-C alkyl: 
—C-C, cycloalkyl, or —(C-C alkyl)-O-(C-C 
alkyl); 

Rs and Rao at each occurrence are independently H, or 
C-C alkyl; 

Ras and Raso at each occurrence are independently H, 
C-C alkyl, C-C hydroxyalkyl, C-C alkoxy, or 
C-C haloalkoxy, or 

Ras and Rs are taken together with the carbon to which 
they are attached to form a carbocycle of 3, 4, 5, or 6 
carbon atoms. 

More preferred compounds of formula X-XXI include 
those wherein 
R is benzyl which is optionally substituted with 1, 2, 3, or 

4 groups independently selected from C-C alkyl option 
ally substituted with 1, or 2 substituents selected from 
halogen, OH, -SH, NH, NH(C-C alkyl). 
N—(C-C alkyl)(C-C alkyl), —C=N. —CF, and 
C-C alkoxy; halogen; C-C alkoxy; and OH. 
Other more preferred compounds of formula X-XXI 

include those wherein 

n, is 0, 1, or 2: 
Ra is —NHRs or NH(CH)n R; wherein 
N is 0, 1, or 2: 
R is selected from the group consisting of —SO 
(C-C alkyl). —S CO (C-C alkyl). —SO - 
NRR, -CO-C-C alkyl, —CO NRR, 
Ra and Ra are independently H, or C-C alkyl: 
Ra is C-C alkyl, phenyl C-C alkyl, C-C, 

alkanoyl, or phenyl C-C alkanoyl; 
Rs is —SO-thienyl optionally substituted with 1 or 2 

groups that are independently C-C alkyl or halogen; 
—SO-phenyl, -SO-piperidinyl, -SO-pyrrolidi 
nyl. —C(O)NHRs, morpholinyl, or —S-C-C, 
alkanoyl, wherein 
Ro is phenyl C-C alkyl, C-C alkyl, or H. 

Even more preferred compounds of formula X-XXI 
include those wherein 
Ro at each occurrence is independently hydrogen, C-C, 

alkyl, C-C alkoxy C-C alkyl, C-C alkanoyl, each of 
which is unsubstituted or substituted with 1 or 2 groups 
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independently selected from halogen, hydroxy, C–C 
alkoxy, tertiary-butoxy carbonyl, benzyloxycarbonyl, and 
NH; 

R is C-C alkyl optionally substituted with 1, 2, or 3 
groups independently selected from the group consisting 
of Ros, -SH, -C=ONR sRao, and —S(=O). 
NRs Rao. —(CH2) (C-C) cycloalkyl wherein the 
cycloalkyl is optionally Substituted with 1, 2, or 3 groups 
independently selected from the group consisting of Ros, 
—COH, and —CO (C-C alkyl); —(CRR-so)- 
phenyl optionally Substituted with 1, 2, or 3 Roo, 
—(CR245R2so)o-3-pyridyl, -(CR245R2so)o-3-pyridaZinyl: 
—(CR245R2so)o-3-pyrimidinyl: —(CR24sR2so)o-s-pyrazi 
nyl: —(CR-24s R2so)o-s-furyl, -(CR-24sR2so)o-s-indolyl, 
—(CR245R2so)o-s-thienyl: —(CR245R2so)o-3-pyrrolyl, 
—(CR-24s R2so)o-s-pyrazolyl: (CR24sR2so)o-s-benzoX 
azolyl; —(CRR so)o-imidazolyl; each of the above 
heteroaryl groups is optionally Substituted with 1, 2, 3, or 
4 R200 —(CR24sR2so)o-s-imidazolidinyl: (CR-24s 
R2so)o-a-tetrahydrofuryl; (CR2sR2so)o-s-tetrahydropyra 
nyl: (CR-24sR2so)o-s-piperazinyl: (CR-24sR2so)o-s-pyrro 
lidinyl: (CR24sR2so)o-3-piperidinyl: (CR24sR2so)o-s-in 
dolinyl; each of the above heterocycloalkyl groups is 
optionally substituted with 1, 2, 3, or 4 Rao, (CH)— 
CH( (CH), OH)—(CH2)o-phenyl; or —(CH)-1- 
CH(C-C hydroxyalkyl)-(CH2)-pyridyl; 
Roo at each occurrence is independently C-C alkyl 

optionally Substituted with 1, 2, or 3 Ros groups; OH: 
—NO, halogen; —COH: C=N; —(CH2). CO— 
NR220R22s, —(CH2). CO—(C–Cs alkyl); 
—(CH) CORs, or —(CH), O—(C-C, 
alkyl optionally substituted with 1, 2, 3, or 5 —F); 

Ros at each occurrence is independently C-C alkyl, 
halogen, —OH, -O-phenyl, -SH, -C=N. —CF, 
C-C alkoxy, NH, NH(C-C alkyl), or N—(C-C, 
alkyl)(C-C alkyl); 

Rao at each occurrence is independently C-C alkyl 
optionally Substituted with 1 or 2 Ros groups; halogen; 
C-C alkoxy; C-C haloalkoxy; —NRoRs, OH: 
C=N; C C, cycloalkyl optionally substituted with 1 or 
2 Ros groups; —CO—(C-C alkyl); —SO 
NRSRao. —CO—NRs Rao. —SO (C-C, 
alkyl); or =O; wherein 

Rs at each occurrence is independently C-C alkyl, 
—(CH)-(phenyl), C-C cycloalkyl, -(CH)- 
(pyridyl), —(CH)-(pyrrolyl), —(CH-)-(imida 
Zolyl), —(CH)-(pyrimidyl), —(CH)-(pyrrolidi 
nyl), —(CH2)-(imidazolidinyl)-(CH2)- 
(piperazinyl), —(CH2)-(piperidinyl), or —(CH)- 
(morpholinyl); wherein the phenyl group at each 
occurrence is optionally Substituted with 1 or 2 groups 
that are independently Ros or Ro, wherein each 
heterocycloalkyl group at each occurrence is optionally 
substituted with 1 or 2 Rio; wherein each heteroaryl 
group at each occurrence is optionally Substituted with 
1 or 2 R21o: 

Ro and Ras at each occurrence are independently —H. 
—C-C alkyl, hydroxy C-C alkyl, halo C-C alkyl, 
—C-C cycloalkyl, or —(C-C alkyl)-O-(C-C, 
alkyl); 

Rs and Rao at each occurrence are independently H, or 
C-C alkyl; 

Ras and Raso at each occurrence are independently H, 
C-C alkyl, C-C hydroxyalkyl, C-C alkoxy, or 
C-C haloalkoxy, or 
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Ras and Raso are taken together with the carbon to which 
they are attached to form a carbocycle of 3, 5, or 6 
carbon atoms. 

Still other more preferred compounds of formula X-XXI 
include those wherein 
X is —C-C alkylidenyl optionally optionally substituted 

with 1 or 2 methyl groups; 
Z is SO; SO; S: or C(O); 
Y is H; C–C haloalkyl pyrrolidinyl; piperidinyl; imida 

Zolidinyl; piperazinyl; OH: NCY)(Y); C–C alkyl 
optionally substituted with 1 thru 3 substituents which can 
be the same or different and are selected from halogen, 
hydroxy, C-C alkoxy, C–C thioalkoxy, and C-C 
haloalkoxy; C-C cycloalkyl optionally Substituted with 
1, 2, or 3 groups independently selected from C-C alkyl 
and halogen; C-C alkoxy; phenyl, benzyl or phenethyl 
each of which is optionally substituted with halogen, 
C-C alkyl, C-C alkoxy, CN or NO; wherein 
Y and Y are independently H; C-C alkyl optionally 

Substituted with 1, 2, or 3 substituents selected from 
halogen, C-C alkoxy, C-C cycloalkyl, and OH: 
C-C alkanoyl; phenyl; —SO C-C alkyl, phenyl 
C-C alkyl; or C-C cycloalkyl C-C alkyl; or 

—N(Y)(Y) forms a ring selected from piperazinyl, 
piperidinyl, morpholinyl, and pyrolidinyl, wherein 
each ring is optionally substituted with 1, 2, or 3 groups 
that are independently C-C alkyl, C-C alkoxy, 
C-C alkoxy C-C alkyl, or halogen; and 

R and R are independently H or C-C alkyl 
Other more preferred compounds of formula X-XXI 

include those wherein 
n, is 0, 1, or 2; 
R is NHRs or NH(CH)n R; wherein 
N is 0, 1, or 2: 
R is selected from the group consisting of —SO 
(C-C alkyl). —SO NRR: —CO-C-C, 
alkyl, -CO—NRR, 
Ra and Ra are independently H, or C-C alkyl: 
Ra is C-C alkyl, phenyl C-C alkyl, C-C 

alkanoyl, or phenyl C-C alkanoyl; 
Rs is —SO-thienyl optionally substituted with 1 or 2 

groups that are independently C-C alkyl or halogen; 
—SO-phenyl, -SO-piperidinyl, -SO-pyrrolidi 
nyl, —C(O)NHR, or —S C-C alkanoyl, wherein 
R is phenyl C-C alkyl, C-C alkyl, or H: 

Ro at each occurrence is independently hydrogen, C-C, 
alkyl, C-C alkanoyl, tertiary-butoxy carbonyl, and ben 
Zyloxycarbonyl: 

R is C-C alkyl optionally substituted with 1 or 2 groups 
independently selected from Ros, and —SH: 
—(CH2) (C-C) cycloalkyl wherein the cycloalkyl 
is optionally substituted with 1 Ros group; 
—(CRs Rso)o-phenyl optionally Substituted with 1 or 
2 R200 —(CR245R2so)o-3-pyridyl: —(CR245R2so)o-3-pyr 
rolyl (CR-24sR2so)o-s-benzoxazolyl; —(CR245R2so)o-3- 
imidazolyl; each of the above heteroaryl groups is option 
ally Substituted with 1 or 2 Roo. —(CR-24s R2so)o-s- 
imidazolidinyl: (CR2sR2so)o-s-tetrahydrofuryl; 
(CR245R2so)o-3-tetrahydropyranyl: (CR24sR2so)o-3-pyrro 
lidinyl: (CRs Rso)o-piperidinyl; each of the above 
heterocycloalkyl groups is optionally substituted with 1 or 
2 Rio, (CH2) —CH( (CH), OH)—(CH)-phe 
nyl; or —(CH)—CH(C-C hydroxyalkyl)-(CH2)-- 
pyridyl; 
Roo at each occurrence is independently C-C alkyl 

optionally substituted with 1, 2, or 3 Ros groups; OH: 
NO, halogen; CO-H; C=N; or —(CH2). O— 
(C-C alkyl optionally substituted with 1, 2, 3, or 5 
—F); 
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Ros at each occurrence is independently C-C alkyl, 

halogen, OH, -O-phenyl, SH, C=N, CF, C-C, 
alkoxy, NH, NH(C-C alkyl), or N(C-C alkyl) 
(C-C alkyl); 

Ro at each occurrence is independently C-C alkyl 
optionally substituted with 1 Ros group; halogen; 
C-C alkoxy; C–C haloalkoxy; OH: C=N; or =O; 
wherein 

Rs and Rao at each occurrence are independently H, or 
C-C alkyl; 

Ras and Raso at each occurrence are independently H, 
C-C alkyl, C-C hydroxyalkyl, C-C alkoxy, or 

Ras and Raso are taken together with the carbon to which 
they are attached to form a carbocycle of 3, 5, or 6 
carbon atoms; 

X is —C-C alkylidenyl: 
Z is SO; SO; S: or C(O); 
Y is H; C–C haloalkyl; pyrrolidinyl; piperidinyl; imida 

Zolidinyl; piperazinyl; OH: —NCY)(Y); C-C alkyl 
optionally substituted with 1 thru 3 substituents which can 
be the same or different and are selected from halogen, 
hydroxy, C-C alkoxy, C–C thioalkoxy, and C-C, 
haloalkoxy; C-C cycloalkyl optionally Substituted with 
1, 2, or 3 groups independently selected from C-C alkyl 
and halogen; C-C alkoxy; phenyl, benzyl or phenethyl 
each of which is optionally substituted with halogen, 
C-C alkyl, C-C alkoxy, CN or NO; wherein 
Y and Y are independently H; C-C alkyl optionally 

Substituted with 1, 2, or 3 substituents selected from 
halogen, C-C alkoxy, C-C cycloalkyl, and OH: 
C-C alkanoyl; phenyl; —SO C-C alkyl; phenyl 
C-C alkyl, or cyclopropyl C-C alkyl; or 

—NCY)(Y) forms a ring selected from piperazinyl, 
piperidinyl, and pyrolidinyl, wherein each ring is 
optionally substituted with 1 or 2 groups that are 
independently C-C alkyl, C-C alkoxy, or halogen; 

R and Rs are independently H or C-C alkyl, and 
R is benzyl which is optionally substituted with 1, 2, or 3 

groups independently selected from C-C alkyl option 
ally substituted with 1 substituent selected from halogen, 
—OH, -CF, and C-C alkoxy; halogen; C-C alkoxy; 
and OH. 
Particularly preferred compounds of formula X-XXI 

include those of formula X-XXII: 

X-XXII 

A2 Rs YH Rio OH. R. 2/ 
Z N N 

1 Nx N Al 

O R245 R250 
SA 

| 1 y 
A3 

wherein 
A is H. C-C alkyl, C-C alkoxy, C-C alkynyl, or 

halogen; 
A is H. C-C alkyl, C-C alkoxy, C-C haloalkoxy, 
C-C haloalkyl or OH: 

As and A are independently C-C alkyl, halogen, or H: 
Rs is —SO-thienyl optionally Substituted with 1 or 2 groups 

that are independently C-C alkyl or halogen; —SO 
phenyl, -SO-piperidinyl, -SO-pyrrolidinyl, -C(O) 
NHR, or —S—C-C alkanoyl, wherein 
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Ro is phenyl C-C alkyl, C-C alkyl, or H. 
Preferred compounds of formulas X-XXI and X-XXII 

include those wherein 
Ro at each occurrence is independently H or C-C alkyl: 
X is C or C. alkylidenyl: 5 
Z is SO; SO; S: or C (O); and 
Y is phenyl: C-C alkyl optionally substituted with 1, 2, or 

3 halogen; or OH; or 
Y is N(Y)(Y); wherein 
Y and Y are independently H or C-C alkyl. 
Preferred compounds of formula X-XXII include those of 10 

formula X-XXIII: 

X-XXIII 
15 

A2 R YNH gll 2/ 
Z N N 

1 Nx n-n- N Al: 
O E R245 R250 

N 

y 
A3 25 

Preferred compounds of formulas X-XXII and X-XXIII 
include those wherein 
A is C-C alkyl, C alkynyl, or I; 
A is H, C-C alkyl, C-C alkoxy, OCF, CF or OH: 30 
As and A are independently H or halogen; and 
Rs is —SO-thienyl optionally substituted with 1 or 2 groups 

that are independently C-C alkyl or halogen; —SO 
phenyl; or —C(O)NHR; wherein 
Ro is phenyl C-C alkyl, C-C alkyl, or H. 35 
Other preferred compounds of formulas X-XXII and 

X-XXIII include those wherein 
Ras and Raso are both hydrogen or Ras and Raso form a 

cyclopropyl group. 
Other preferred compounds of formulas X-XXII and 

X-XXIII include those wherein 40 
Ro and A are both hydrogen; and 
As and A are independently halogen. 

Still other preferred compounds of formulas X-XXII and 
X-XXIII include those wherein 
As and A are meta to each other. 45 

Other preferred compounds of formula X-XXI include 
those of formula X-XXIV: 

X-XXIV 50 
R 
YNH R20 OH R20 

Z N N 
1 Nx YR 

55 
O 

N 

y 
A3 

60 

wherein 
R is C-C alkyl, cyclopropyl, cyclopentyl, cyclohexyl, or 
—(C-C)alkyl-(C-C) cycloalkyl. 
Preferred compounds of formula X-XXIV include those 65 

wherein 
Ro at each occurrence is independently H or C-C alkyl; 

56 
X is C or C. alkylidenyl: 
Z is SO; SO; S: or C(O); and 
Y is phenyl: C-C alkyl optionally substituted with 1, 2, or 

3 halogen; or OH; or 
Y is N(Y)(Y); wherein 
Y and Y are independently H or C-C alkyl. 
More preferred compounds of formula X-XXIV include 

those of formula X-XXV: 

X-XXV 
Rs 
YNH OH i 

Z N-N-N 1 Nx YR 
O 

SA 
| 1 y 
A3 

Preferred compounds of formulas X-XXIV and X-XXV 
include those wherein wherein 
Rs is —SO-thienyl optionally Substituted with 1 or 2 groups 

that are independently C-C alkyl or halogen. —SO 
phenyl: or —C(O)NHR; wherein 
R is phenyl C-C alkyl, C-C alkyl, or H. 
Other preferred compounds of formulas X-XXIV and 

X-XXV include those wherein 
Ro and A are both hydrogen; and 
As and A are independently halogen. 
More preferred compounds of formulas X-XXIV and 

X-XXV include those wherein 
As and A are meta to each other. Even more preferably. As 
and 

A are at the 3 and 5 positions of the benzene ring. 
Other preferred compounds of formula X-XXI include 

those of formula X-XXVI: 

X-XXVI 

R4 
A2 u )n6 

HN i OH R20 2A 
Z N N 

1 Nx N Al 

O R245 R250 
SA 

| 1 y 
A3 

wherein 
N is 0, 1, or 2: 
Ra is selected from the group consisting of —SO 
(C-C alkyl). —SO NR-Ras, -CO-C-C alkyl, 
—CO—NRR, 
Ra and Ras are independently H, or C-C alkyl; 
Ra is C-C alkyl, phenyl C-C alkyl, C-C alkanoyl, 

or phenyl C-C alkanoyl; 
A is H. C-C alkyl, C-C alkoxy, halogen or C-C, 

alkynyl; 
A is H. C-C alkyl, C-C alkoxy, C-C haloalkoxy, 
C-C haloalkyl or OH: 

As and A are independently C-C alkyl, halogen, or H. 
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Preferred compounds of formula X-XXVI include those wherein 
wherein R is C-C alkyl, cyclopropyl, cyclopentyl, cyclohexyl, or 
Ro at each occurrence is independently H or C-C alkyl; —(C-C)alkyl-(C-C) cycloalkyl. 
X is C, or C. alkylidenyl: Preferred compounds of formula X-XXVIII include those 
Z is SO; SO; S: or C(O); and 5 wherein 
Y is phenyl: C-C alkyl optionally substituted with 1, 2, or Ro at each occurrence is independently H or C-C alkyl; 

3 halogen; or OH, or X is C or C, alkylidenyl: 
Y is N(Y)(Y); wherein Z is SO; SO; S: or C(O); and 
Y and Y are independently H or C-C alkyl. 
More preferred compounds of formula X-XXVI include 

those of formula X-XXVII: 

Y is phenyl: C-C alkyl optionally substituted with 1, 2, or 
10 3 halogen; or OH; or 
Y is N(Y)(Y); wherein 
Y and Y are independently H or C-C alkyl. 

X-XXVII More preferred compounds of formula X-XXVIII include 
those of formula X-XXIX: 

R4- 15 

ul, 6 A2 
HN R20 OH R20 2A. R4 X-XXIX 

y1 nx N-1N1N N A. u n6 
i 1 20 HN 

O E N R245 R250 Z N N 

O A4 Y 1. Yx n-n- YR 
y- O 
A3 

wherein A3 
A is C-C alkyl, C alkynyl or I; 
A is H. C-C alkyl, C-C alkoxy, OCF, CF or OH: 30 
As and A are independently H or halogen; and X-XXIX include those wherein 
N is 0, 1, or 2: N is 0, 1, or 2: Ra is selected from the group consisting of —SO- 6 v. s 

(C. c. alkyl). —SO NRR: -CO-C-C, alkyl, Ra is selected from the group consisting of —SO 

Preferred compounds of formulas X-XXVIII and 

—CO—NRR, 35 (C-C alkyl). –SO. NR. Ras —CO NR-Ra: 
R2 and Ras are independently H, or C-C alkyl; Ra and Ras are independently H, or C-C alkyl; 
Ra is C-C alkyl, phenyl C-C alkyl, C-C alkanoyl, Ra is C-C alkyl, phenyl C-C alkyl, C-C alkanoyl, or 

or phenyl C-C alkanoyl. phenyl C-C alkanoyl; 
Preferred compounds of formulas X-XXVI and X-XXVII Other preferred compounds of formulas X-XXVIII and 

include those wherein X-XXIX include those wherein 
Ras and Raso are both hydrogen or Ras and Raso form a Ro and A are both hydrogen; and 

cyclopropyl group. As and A are independently halogen. 
More preferred compounds of formulas X-XXVI and More preferred compounds of formulas X-XXVIII and 

X-XXVII include those wherein (X-XXVIX) include those wherein 
Rao and A2 are both hydrogen; and As A and A are meta to each other. More preferably, A and 
As and A are independently halogen. A are at the 3 and 5 positions of the benzene ring. 
More preferred compounds of formulas X-XXVI and Other preferred compounds of formula X include those of 

X-XXVII include those wherein formula X-XXX, i.e., compounds of formula X wherein 
As and A are meta to each other. More preferably, A and R is H. C-C alkyl-NHC(O)Rs; —(CH) Rs. 

4 s 4 53 20-4-Y-8s A are at the 3 and 5 positions of the phenyl ring. 
Other preferred compounds of formula X-XXI include " isitty Q. h (E. E. 

those of formula X-XXVIII: SubSululed W1un 1, Z, or 3 groups unal are 1ndependenuy 
halogen, C-C alkyl, COH, -C(O)—C-C alkoxy, or 
C-C alkoxy; C-C alkoxy: aryl C-C alkoxy: 

X-XXVIII —C-C alkyl-NRsoCORs; —C=N; —CF; —CF 
R4- 55 CF; —C=CH; —CH2—CH=CH2. —(CH2). Ra; 
u 6 (CH). NH-Ra: O—(CH), Ra; S 

HN (CH), R.; (CH) NHC(O)—(CH) Rs; or 
-(CH2)o Rs (CH2)o Rs4. 

Z N N Preferred compounds of formula X-XXX include those 
Y X RC 60 wherein 

R is (CH2), —(R) where n is Zero or one and R 
SA is phenyl optionally Substituted with 1, 2, 3, or 4 groups 

independently selected from C-C alkyl optionally Sub 
y- stituted with 1, 2, or 3 substituents selected from the group 
A3 65 consisting of C-C alkyl, halogen, —OH, -SH, -N 

R. R. —C=N. —CF, and C-C alkoxy; halogen; 
C-C alkoxy; —NR Ry, and OH, wherein 
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Ry. and Rx at each occurrence are independently 
selected from the group consisting of —C-C alkyl 
optionally Substituted with 1, 2, or 3 groups indepen 
dently selected from the group consisting of —OH, 
—NH2, phenyl and halogen; —C-Cs cycloalkyl, 
—(C-C alkyl)-(C-C cycloalkyl); —(C-C alkyl)- 
O—(C-C alkyl); —C-C alkenyl; —C-C alkynyl: 
—C-C alkyl chain with one double bond and one 
triple bond: aryl; heteroaryl; heterocycloalkyl; or 
R. R. and the nitrogen to which they are attached 
form a 5, 6, or 7 membered heterocycloalkyl or het 
eroaryl group, wherein said heterocycloalkyl or het 
eroaryl group is optionally fused to a benzene, pyridine, 
or pyrimidine ring, and said groups are unsubstituted or 
substituted with 1, 2, 3, 4, or 5 groups that at each 
occurrence are independently C-C alkyl, C-C, 
alkoxy, halogen, halo C-C alkyl, halo C-C alkoxy, 
—CN, NO. —NH2, NH(C-C alkyl), N(C-C, 
alkyl)(C-C alkyl), -OH, -C(O)NH, C(O)NH 
(C-C alkyl). —C(O)N(C-C alkyl)(C-C alkyl). 
C-C alkoxy C-C alkyl, C-C thioalkoxy, and 
C-C thioalkoxy C-C alkyl. 

More preferred compounds of formula X-XXX include 
those wherein 
R and R are independently selected from H or C-C alkyl 

optionally substituted with 1, 2, or 3 substituents selected 
from the group consisting of C-C alkyl, halogen, —OH, 
—SH, -C=N. —CF, C-C alkoxy, and —NRR: 
and 

R is selected from the group consisting of C-C alkyl 
optionally Substituted with 1, 2, or 3 groups independently 
selected from the group consisting of Ros, 
—OC=ONR sRao. —S(=O)o (C-C alkyl). —SH, 
—NRC=ONR Rao. —C=ONR sRao, and 
—S(=O)NR'Rao. —(CH) (C-C) cycloalkyl 
wherein the cycloalkyl is optionally substituted with 1, 2, 
or 3 groups independently selected from the group con 
sisting of Ros, -COH, and —CO (C-C alkyl); 
—(CR245R2so)o-4-aryl: —(CR-24s R2so)o-a-heteroaryl: 
—(CR2 as R-2so)o-a-heterocycloalkyl, —C(R2ss) 
(R). CO-N-(Rass), —CH(aryl), —CH(het 
eroaryl), —CH(heterocycloalkyl); —CH(aryl)(het 
eroaryl); —CO—NRRo: —(CH2) —CH 
((CH), OH)—(CH2)-aryl; —(CH2) —CH 
R -(CH2)o-heteroaryl; —CH(-aryl or -heteroaryl)- 
CO-O(C-C alkyl); -CH(-CH-OH)-CH(OH)- 
phenyl-NO (C-C alkyl)-O (C-C alkyl)-OH: 
CH NH CH-CH( O CH-CH); —H; and 

—(CH2). C(=NRs) (NRSRao); wherein 
each aryl is optionally Substituted with 1, 2, or 3 Roo, 
each heteroaryl is optionally substituted with 1, 2, 3, or 4 

R200: 
each heterocycloalkyl is optionally substituted with 1, 2, 

3, or 4 Ro: 
Roo at each occurrence is independently selected from 

the group consisting of C-C alkyl optionally substi 
tuted with 1, 2, or 3 Ros groups; OH: —NO; halogen; 
- COH: C=N; —(CH2). CO—NRRs: 
—(CH) CO—(C-C alkyl); —(CH) - 
CORs, and —(CH2). O—(C-C alkyl option 
ally substituted with 1, 2, 3, or 5 —F); 
wherein each aryl group at each occurrence is option 

ally substituted with 1, 2, or 3 groups that are 
independently Ros, Rio or C-C alkyl Substituted 
with 1, 2, or 3 groups that are independently Ros or 
R21o: 
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wherein each heterocycloalkyl group at each occur 

rence is optionally Substituted with 1, 2, or 3 groups 
that are independently Ro: 

wherein each heteroaryl group at each occurrence is 
optionally substituted with 1, 2, or 3 groups that are 
independently Ros, Rio, or C-C alkyl Substituted 
with 1, 2, or 3 groups that are independently Ros or 
R21o: 

Ros at each occurrence is independently selected from 
the group consisting of C-C alkyl, halogen, —OH, 
—O-phenyl, -SH, -C=N. —CF, C-C alkoxy, 
NH, NH(C-C alkyl), and N—(C-C alkyl)(C-C, 
alkyl); 

Ro at each occurrence is independently selected from 
the group consisting of C-C alkyl optionally substi 
tuted with 1, 2, or 3 Ros groups; halogen; C-C, 
alkoxy: C-C haloalkoxy; —NRRs, OH: C=N; 
C. C., cycloalkyl optionally substituted with 1, 2, or 3 
Ros groups; —CO—(C-C alkyl). —SO 
NRSRao. —CO—NRs Rao. —SO (C-C, 
alkyl); and =O; wherein 

Rs at each occurrence is independently selected from 
the group consisting of C-C alkyl, -(CH2)-2-(aryl), 
C-C, cycloalkyl, and —(CH2)-(heteroaryl), 
—(CH)-(heterocycloalkyl); wherein the aryl group 
at each occurrence is optionally Substituted with 1, 2, or 
3 groups that are independently Ros or Ro, wherein 
the heterocycloalkyl group at each occurrence is 
optionally substituted with 1, 2, or 3 Rao, wherein each 
heteroaryl group at each occurrence is optionally Sub 
stituted with 1, 2, or 3 Ro: 

Ro and R-2s at each occurrence are independently 
Selected from the group consisting of —H. —C-C, 
alkyl, hydroxy C-C alkyl, amino C-C alkyl; halo 
C-C alkyl, -C-C-7 cycloalkyl, —(C-C alkyl)- 
O—(C-C alkyl), -aryl, -heteroaryl, and -heterocy 
cloalkyl; wherein the aryl group at each occurrence is 
optionally substituted with 1, 2, or 3 Rao groups, each 
heteroaryl is optionally substituted with 1, 2, 3, or 4 
Roo, each heterocycloalkyl is optionally substituted 
with 1, 2, 3, or 4 Rao wherein 

Razo at each occurrence is independently Ros, C-C, 
alkyl optionally substituted with 1, 2, or 3 Ros groups; 
halogen; C1-C alkoxy; C1-Chaloalkoxy: NR sRao, 
OH: C=N; —CO (C-C alkyl); and =O; wherein 
the heterocycloalkyl group at each occurrence is 
optionally substituted with 1, 2, or 3 Ros groups: 
wherein each heteroaryl group at each occurrence is 
optionally substituted with 1, 2, or 3 Ros groups; 

Rs and Rao at each occurrence are independently H, or 
C-C alkyl; 

Ras and Rso at each occurrence are independently 
Selected from the group consisting of H. C-C alkyl, 
C-C hydroxyalkyl, C-C alkoxy, C–Chaloalkoxy, 
O 

Ras and Raso are taken together with the carbon to which 
they are attached to form a carbocycle of 3, 4, 5, 6, or 
7 carbon atoms, 

R2ss and R2so at each occurrence are independently 
selected from the group consisting of H; C-C alkyl 
optionally substituted with 1, 2, or 3 Ros groups; 
—(CH) C-C, cycloalkyl optionally substituted 
with 1, 2, or 3 Ros groups; —(C-C alkyl)-aryl; 
—(C-C alkyl)-heteroaryl; —(C-C alkyl)-heterocy 
cloalkyl, -aryl; -heteroaryl; -heterocycloalkyl, 
-(CH2) a R2s (CH2)oa-aryl; —(CH2) - 
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R2s-(CH2)o-a-heteroaryl; and, -(CH2) a R2s 
(CH)-heterocycloalkyl; wherein 

Res at each occurrence is independently —O— —S— 
or —N(C-C alkyl)-; 
each aryl or phenyl is optionally substituted with 1, 2, 

or 3 groups that are independently Ros. Rao, or 
C-C alkyl Substituted with 1, 2, or 3 groups that are 
independently Ros or Rio. 

Even more preferred compounds of formula X-XXX 
include those wherein 

Ro at each occurrence is independently selected from 
hydrogen, C-C alkyl, C-C alkoxy C-C alkyl, halo 
C-C alkyl, C-C alkanoyl, each of which is unsubsti 
tuted or substituted with 1, or 2 groups independently 
Selected from halogen, C-C alkyl, hydroxy, C-C, 
alkoxy, NH, and —R R-7, wherein 
R is selected from —C(O)— —SO , —CO : 
R-7 is selected from C-C alkyl, C-C alkoxy, aryl 
C-C alkyl, piperidyl, pyrrolyl, and pyridyl, wherein 
each of the above is unsubstituted or substituted with 1, 
2, 3, 4, or 5 groups that are independently C-C alkyl, 
C-C alkoxy, halogen, halo C-C alkyl, hydroxy 
C-C alkyl, —C(O)NH2, NH, NH(C-C alkyl). 
N(C-C alkyl)(C-C alkyl), —C(O)NH(C-C, 
alkyl), or —C(O)N(C-C alkyl)(C-C alkyl). 

Preferred compounds of formula X-XXX include those of 
formula X-XXXI, i.e., compounds of formula X-XXX 
wherein 

CH, CH=CH: (CH2). Rai: (CH2). 
NH Ra; (CH2). NHC(O)—(CH2)o Rs. 
-(CH2)o a Rs.3 -(CH2)o a Rs4. 

Preferred compounds of formula X-XXXI include those 
wherein 

O 

X is C-C alkylidenyl optionally optionally substituted 
with 1, 2, or 3 methyl groups; or —NRae -, or 

Ra and Rae combine to form —(CH), , wherein 
no is 1, 2, 3, or 4: 

Z is selected from a bond; SO; SO; S: and C(O); 
Y is selected from H; C–C haloalkyl: Cs C. heterocy 

cloalkyl containing at least one N, O, or S: phenyl; OH: 
—NCY)(Y); C-C alkyl optionally substituted with 1 
thru 3 substituents which can be the same or different and 
are selected from halogen, hydroxy, alkoxy, thioalkoxy, 
and haloalkoxy; C-C cycloalkyl optionally substituted 
with 1, 2, or 3 groups independently selected from C-C, 
alkyl, and halogen; alkoxy; phenyl optionally substituted 
with halogen, C-C alkyl, C-C alkoxy, CN or NO; 
phenyl C-C alkyl optionally Substituted with halogen, 
C-C alkyl, C-C alkoxy, CN or NO; wherein 
Y and Y are the same or different and are H; C-Co 

alkyl optionally substituted with 1, 2, or 3 substituents 
selected from the group consisting of halogen, C-C, 
alkoxy, C–Cs cycloalkyl, and OH: C-C alkenyl: 
C-C alkanoyl; phenyl; —SO C-C alkyl, phenyl 
C-C alkyl; and C-C cycloalkyl C-C alkyl, or 

—N(Y)(Y) forms a ring selected from piperazinyl, 
piperidinyl, morpholinyl, and pyrolidinyl, wherein 
each ring is optionally Substituted with 1, 2, 3, or 4 
groups that are independently C-C alkyl, C-C, 
alkoxy, C-C alkoxy C-C alkyl, or halogen. 

More preferred compounds of formula X-XXXI include 
those wherein 
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Ro at each occurrence is independently selected from 

hydrogen, C-C alkyl, C-C alkoxy C-C alkyl, C-C, 
alkanoyl, tertiary-butoxy carbonyl, and benzyloxycarbo 
nyl: 

R is benzyl which is optionally substituted with 1, 2, 3, or 
4 groups independently selected from halogen, C-C 
alkoxy, hydroxy, and C-C alkyl optionally substituted 
with 1, 2, or 3 substituents halogen, OH, SH, NH, 
NH(C-C alkyl), N (C-C alkyl)(C-C alkyl). C=N. 
CF: 

R and R are independently selected from H or C-C alkyl 
optionally substituted with 1 substituent selected from 
halogen, —OH, -SH, -C=N. —CF, C-C alkoxy, 
NH, NH(C-C alkyl), and NH(C-C alkyl)(C-C, 
alkyl); 

Ro at each occurrence is independently hydrogen, C-C, 
alkyl, C-C alkoxy C-C alkyl, halo C-C alkyl, 
C-C alkanoyl, each of which is unsubstituted or Sub 
stituted with 1 or 2 groups independently selected from 
halogen, hydroxy, and NH2, 

R is C-C alkyl optionally substituted with 1, 2, or 3 
groups independently selected from Ros, -SH, 
—C=ONR sRao, and —S(=O)NR's Ro: 
—(CH2) (C-C) cycloalkyl wherein the cycloalkyl 
is optionally substituted with 1, 2, or 3 groups indepen 
dently selected from Ros, —COH, and —CO (C-C 
alkyl); —(CRR-so)o-a-phenyl optionally substituted 
with 1, 2, or 3 Roo, -(CRSR-so)o-pyridyl; 
—(CR245R2so)o-3-pyridazinyl: —(CR245R2so)o-3-pyrim 
idinyl: —(CR-24s R2so)o-3-pyrazinyl: —(CR-24sR2so)o-s-fu 
ryl; —(CR24sR2so)o-s-indolyl: —(CR24sR2so)o-s-thienyl: 
—(CR245R2so)o-s-pyrrolyl —(CR24sR2so)ao-3-pyrazolyl, 
(CR24sR2so)o-s-benzoxazolyl: —(CR-24sR2so)o-s-imida 
Zolyl; each of the above heteroaryl groups is optionally 
Substituted with 1, 2, 3, or 4 Roo, -(CRs Rso)o- 
imidazolidinyl: (CR2s R-2so)o-s-tetrahydrofuryl; 
(CR24sR2so)o-3-tetrahydropyranyl (CR24sR2so)o-3-piper 
aZinyl (CR 245R2so)o-3-pyrrolidinyl (CR 245R2so)o-3-pip 
eridinyl; (CRRs)-indolinyl; each of the above het 
erocycloalkyl groups is optionally Substituted with 1, 2, 3, 
or 4 Rao, (CH2) —CH((CH), OH)—(CH-)-- 
phenyl: —(CH)—CH(C-C hydroxyalkyl)-(CH2)-- 
pyridyl; 
Roo at each occurrence is independently C-C alkyl 

optionally Substituted with 1, 2, or 3 Ros groups; OH: 
—NO, halogen; —COH: C=N; —(CH2). CO— 
NR220R22s: —(CH) CO—(C–Cs alkyl); 
—(CH2). CORs, and —(CH2). O—(C-C, 
alkyl optionally substituted with 1, 2, 3, or 5 —F); 

Ros at each occurrence is independently C-C alkyl, 
halogen, —OH, -O-phenyl, -SH, -C=N. —CF, 
C-C alkoxy, NH, NH(C-C alkyl), and N—(C-C, 
alkyl)(C-C alkyl); 

Rao at each occurrence is independently C-C alkyl 
optionally Substituted with 1 or 2 Ros groups; halogen; 
C-C alkoxy; C-C haloalkoxy; —NRRs; OH: 
C=N; C C, cycloalkyl optionally substituted with 1 or 
2 Ros groups; —CO—(C-C alkyl); —SO 
NRSRao. -CO—NRs Rao. —SO (C-C 
alkyl); and =O; wherein 

Rs at each occurrence is independently C-C alkyl, 
—(CH2)-(phenyl), C-C cycloalkyl, -(CH2)o- 
(pyridyl), —(CH)-(pyrrolyl), —(CH)-(imida 
Zolyl), —(CH2)-2-(pyrimidyl), —(CH2)-2-(pyrrolidi 
nyl), —(CH2)-(imidazolidinyl)-(CH2)- 
(piperazinyl), —(CH2)-2-(piperidinyl), and 
—(CH2)-(morpholinyl); wherein the phenyl group at 
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each occurrence is optionally substituted with 1 or 2 
groups that are independently Ros or Ro, wherein 
each heterocycloalkyl group at each occurrence is 
optionally Substituted with 1 or 2 Rio, wherein each 
heteroaryl group at each occurrence is optionally Sub 
stituted with 1 or 2 Ro: 

Ro and Ras at each occurrence are independently —H. 
—C-C alkyl, hydroxy C-C alkyl, halo C-C alkyl, 
—C-C cycloalkyl, and —(C-C alkyl)-O-(C-C, 
alkyl); 

Rs and Rao at each occurrence are independently H, or 
C-C alkyl; 

Ras and Raso at each occurrence are independently H. 
C-C alkyl, C-C hydroxyalkyl, C-C alkoxy, 
C-C haloalkoxy, or 

Ras and Rs are taken together with the carbon to which 
they are attached to form a carbocycle of 3, 5, or 6 
carbon atoms. 

Even more preferred compounds of formula X-XXXI 
include those wherein 
R is H. C-C alkyl-NHC(O)Rs: —(CH) Rs. —C-C, 
alkyl-NRso,CORs; (CH2)4 R4-1. (CH2)4 
NH-Ra: (CH) NHC(O)—(CH) Rs; or 
—(CH) Rs—(CH) Rs; wherein 
R is —SO (C-C alkyl). —SO NRR, or 
—CO—NRR, wherein 

R2 and Ras are independently H, or C-C alkyl; 
Ra is C-C alkyl, phenyl C-C alkyl, C-C alkanoyl, 

or phenyl C-C alkanoyl; 
Rs is selected from the group consisting of cyclopropyl; 

cyclopentyl; cyclohexyl, C-C alkyl optionally Sub 
stituted with 1, 2, or 3 groups that are independently 
halogen, —NRR-7, C-C alkoxy, Cs-C heterocy 
cloalkyl, Cs-C heteroaryl, phenyl, C-C cycloalkyl, 
—S-C-C alkyl, -SO-C-C alkyl, -COH, 
—CONRR7, —CO C-C alkyl, or phenyloxy; 
pyridyl, thiazolyl pyrazolyl pyrazinyl, optionally Sub 
stituted with 1, 2, or 3 groups that are independently 
C-C alkyl, C-C alkoxy, halogen, C-C haloalkyl, 
or OH: piperidinyl, dihydropyridazinonyl, pyrrolidi 
nonyl, thioXothiazolidinonyl, isoxazolyl, imidazolyl, 
indolyl, optionally substituted with 1, 2, or 3 groups 
that are independently C-C alkyl, C-C alkoxy, 
halogen, or C-C alkanoyl; phenyl optionally substi 
tuted with 1, 2, 3, or 4 groups that are independently 
halogen, OH, C-C alkyl, C-C alkoxy, or C-C, 
haloalkyl; wherein 

Re and R7 are independently selected from the group 
consisting of H. C-C alkyl, C-C alkanoyl phenyl, 
—SO C-C alkyl, benzyl, and phenethyl; 

Rs is —SO-thienyl optionally substituted with 1 or 2 
groups that are independently C-C alkyl or halogen; 
—SO-phenyl, -SO-piperidinyl, -SO-pyrrolidi 
nyl, imidazolidinyyl dione, —C(O)NHR, 
—S—C-C alkyl, or S-C-C alkanoyl, wherein 
R is phenyl C-C alkyl, C-C alkyl, or H: 

Rso is H or C-C alkyl; 
Rs is selected from benzyl; phenethyl, C-C alkyl 

optionally substituted with 1, 2, or 3 groups that are 
independently halogen, cyano. —NRR-7, —C(O) 
NRR, or —C-C alkoxy; heterocycloalkyl contain 
ing at least one N, O, or S and optionally substituted 
with 1 or 2 groups that are independently C-C alkyl, 
C-C alkoxy, halogen, C-C alkanoyl phenyl C-C 
alkyl, and —SO C-C alkyl; heterocycloalkylalkyl 
containing at least one N, O, or S and optionally 
substituted with 1 or 2 groups that are independently 
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C-C alkyl, C-C alkoxy, halogen, C-C alkanoyl, 
phenyl C-C alkyl, and —SO, C-C alkyl, C-C, 
alkenyl: C-C alkynyl; heteroaryl optionally Substi 
tuted with 1, 2, or 3 groups that are independently OH, 
C-C alkyl, C-C alkoxy, halogen, NH2, NH(C-C, 
alkyl) or N(C-C alkyl)(C-C alkyl); heteroarylalkyl 
containing at least one N, O, or S and optionally 
substituted with 1, 2, or 3 groups that are independently 
C-C alkyl, C-C alkoxy, halogen, NH, NH(C-C, 
alkyl) or N(C-C alkyl)(C-C alkyl); phenyl: C-C, 
cycloalkyl, and C-C cycloalkyl C-C alkyl, wherein 
the phenyl: C-C cycloalkyl, and C-C cycloalkyl 
C-C alkyl groups are optionally substituted with 1, 2, 
or 3 groups that are independently halogen, CN, NO, 
C-C alkyl, C-C alkoxy, C-C alkanoyl, C-C 
haloalkyl, C-Chaloalkoxy, hydroxy, C–C hydroxy 
alkyl, C-C thioalkoxy; 

Rs is heterocycloalkyl, heteroaryl, phenyl, C-C, 
cycloalkyl, -S(O). C-C alkyl, CO.H. —C(O) 
NH = C(O)NH(alkyl), C(O)N(alkyl)(alkyl), 
—CO-alkyl, -NHS(O)o C-C alkyl, - N(alkyl) 
S(O)o C-C alkyl, -S(O)o-heteroaryl. —S 
(O)o-aryl, - NH(arylalkyl), N(alkyl)(arylalkyl). 
thioalkoxy, or alkoxy, each of which is optionally 
substituted with 1, 2, 3, 4, or 5 groups that are inde 
pendently C-C alkyl, C-C alkoxy, C–C thio 
alkoxy, halogen, C-C haloalkyl, haloalkoxy, C-C, 
alkanoyl, NO, CN, C-C alkoxycarbonyl, or ami 
nocarbonyl: 

Rs is absent, —O—, —C(O)— —NH , —N(alkyl)-. 
—H-S(O) , —N(alkyl)-S(O) , —S(O) - 
NH , or —S(O). N(alkyl)-; 

Rs is pyridyl, thienyl, imidazolyl, phenyl, phenyl C-C, 
alkyl, piperidyl, pyrrolidinyl, imidazolidinyl dione, 
COH, -CO-alkyl, -C(O)NH(alkyl), C(O)N 
(alkyl)(alkyl). —C(O)NH2, C-C alkyl, OH, pheny 
loxy, alkoxy, phenylalkoxy, NH, NH(alkyl), N(alkyl) 
(alkyl), or —C-C alkyl-CO-C-C alkyl, each of 
which is optionally substituted with 1, 2, 3, 4, or 5 
groups that are independently alkyl, alkoxy, COH, 
—CO-alkyl, thioalkoxy, halogen, haloalkyl, 
haloalkoxy, hydroxyalkyl, alkanoyl, NO, CN, alkoxy 
carbonyl, or aminocarbonyl. 

Even more preferred compounds of formula X-XXXI are 
those of formula X-XXXII: 

X-XXXII 

A2 
R4 OH Ro 2y. 

Z N N 
1 Nx S Al 

O R245 R250 
N 
HA, 4 

A3 

wherein 
A is H. C-C alkyl, C-C alkoxy, halogen or C-C, 

alkynyl; 
65 A is H. C-C alkyl, C-C alkoxy, C–C haloalkoxy, 

C-C haloalkyl or OH: 
As and A are independently C-C alkyl, halogen, or H. 
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Preferred compounds of formulas X-XXXI and X-XXXII 
include those wherein 
Ro at each occurrence is independently H or C-C alkyl; 
X is C or C. alkylidenyl: 
Z is SO; SO; S: or C(O); and 
Y is phenyl: C-C alkyl optionally substituted with 1, 2, or 

3 halogen; or OH; or 
Y is N(Y)(Y); wherein 
Y and Y are independently H or C-C alkyl. 
More preferred compounds of formula X-XXXII include 

those of formula X-XXXIII: 

X-XXXIII 

A2 
R4 OH 24 

Z I, 
y1 Nx n-a- N Al 

O E R245 R250 
N 
HA, 4 

A3 

Preferred compounds of formulas X-XXXII and 
X-XXXIII include those wherein 
R is H; or C-C alkyl-NHC(O)Rs; wherein 
Rs is selected from the group consisting of cyclopropyl; 

cyclopentyl; cyclohexyl, C-C alkyl optionally Substi 
tuted with 1, 2, or 3 groups that are independently 
halogen, —NRR-7, C-C alkoxy, Cs-C heterocy 
cloalkyl, Cs-C heteroaryl, phenyl, C-C, cycloalkyl, 
—S C-C alkyl, -SO-C-C alkyl, -COH, 
—CONRR, CO-C-C alkyl, or phenyloxy: 
pyridyl, thiazolyl pyrazolyl pyrazinyl, optionally Substi 
tuted with 1, 2, or 3 groups that are independently C-C 
alkyl, C-C alkoxy, halogen, C-C haloalkyl, or OH: 
piperidinyl, dihydropyridaZinonyl, pyrrolidinonyl, 
thioXothiazolidinonyl, isoxazolyl, imidazolyl, indolyl, 
optionally substituted with 1, 2, or 3 groups that are 
independently C-C alkyl, C-C alkoxy, halogen, or 
C-C alkanoyl; phenyl optionally Substituted with 1, 2, 
3, or 4 groups that are independently halogen, OH, C-C, 
alkyl, C-C alkoxy, or C-C haloalkyl; wherein 
Re and R7 are independently selected from the group 

consisting of H. C-C alkyl, C-C alkanoyl phenyl, 
—SO C-C alkyl, benzyl, and phenethyl. 

Other preferred compounds of formula X-XXXIII include 
those wherein 
R is —(CH) Rs, wherein 

Rs is —SO-thienyl optionally substituted with 1 or 2 
groups that are independently C-C alkyl or halogen; 
—SO-phenyl, -SO-piperidinyl, -SO-pyrrolidi 
nyl, imidazolidinyyl dione, - C(O)NHR, 
—S—C-C alkyl, or —S C-C alkanoyl, wherein 
Ro is phenyl C-C alkyl, C-C alkyl, or H; 

Other preferred compounds of formula X-XXXIII include 
those wherein 
R is —C-C alkyl-NRsoCORs; —(CH2). NH-Ra: 

or (CH) NHC(O)—(CH) Rs; wherein 
Rso is H or C-C alkyl; 
Rs is selected from benzyl; phenethyl, C-C alkyl 

optionally substituted with 1, 2, or 3 groups that are 
independently halogen, cyano. —NRR-7, —C(O) 
NRR-7, or —C-C alkoxy; heterocycloalkyl contain 
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ing at least one N, O, or S and optionally substituted 
with 1 or 2 groups that are independently C-C alkyl, 
C-C alkoxy, halogen, C-C alkanoyl phenyl C-C 
alkyl, and —SO C-C alkyl; heterocycloalkylalkyl 
containing at least one N, O, or S and optionally 
substituted with 1 or 2 groups that are independently 
C-C alkyl, C-C alkoxy, halogen, C-C alkanoyl, 
phenyl C-C alkyl, and —SO, C-C alkyl, C-C, 
alkenyl: C-C alkynyl; heteroaryl optionally Substi 
tuted with 1, 2, or 3 groups that are independently OH, 
C-C alkyl, C-C alkoxy, halogen, NH, NH(C-C, 
alkyl) or N(C-C alkyl)(C-C alkyl); heteroarylalkyl 
containing at least one N, O, or S and optionally 
substituted with 1, 2, or 3 groups that are independently 
C-C alkyl, C-C alkoxy, halogen, NH2, NH(C-C, 
alkyl) or N(C-C alkyl)(C-C alkyl); phenyl: C-C, 
cycloalkyl, and C-C cycloalkyl C-C alkyl, wherein 
the phenyl: C-C cycloalkyl, and C-C cycloalkyl 
C-C alkyl groups are optionally substituted with 1, 2, 
or 3 groups that are independently halogen, CN, NO, 
C-C alkyl, C-C alkoxy, C-C alkanoyl, C-C 
haloalkyl, C-C haloalkoxy, hydroxy, C–C hydroxy 
alkyl, C-C thioalkoxy: 
Re and R7 are independently selected from the group 

consisting of H. C-C alkyl, C-C alkanoyl phe 
nyl. —SO C-C alkyl, benzyl, and phenethyl: 

Rs is heterocycloalkyl, heteroaryl, phenyl, C-C, 
cycloalkyl, -S(O)o C-C alkyl, COH, -C(O) 
NH = C(O)NH(alkyl), C(O)N(alkyl)(alkyl), 
—CO-alkyl, - NHS(O). C-C alkyl, - N(alkyl) 
S(O)o C-C, alkyl, —S(O)o-heteroaryl, 
—S(O)-aryl, - NH(arylalkyl). —N(alkyl)(aryla 
lkyl), thioalkoxy, or alkoxy, each of which is optionally 
substituted with 1, 2, 3, 4, or 5 groups that are inde 
pendently C-C alkyl, C-C alkoxy, C–C thio 
alkoxy, halogen, C-C haloalkyl, haloalkoxy, C-C, 
alkanoyl, NO, CN, C-C alkoxycarbonyl, or ami 
nocarbonyl. 

Still other preferred compounds of formula X-XXXIII 
include those wherein 

R is (CH2), a 
Rs, wherein 
Ra is —SO (C-C alkyl). —SO NR-Ras, or 
—CO—NRR, wherein 

Ra and Ras are independently H, or C-C alkyl; 
Ra is C-C alkyl, phenyl C-C alkyl, C-C alkanoyl, 

or phenyl C-C alkanoyl; 
Rs is absent, —O—, —C(O)— —NH-, - N(alkyl)-. 
—NH-S(O) , —N(alkyl)-S(O)o , —S 
(O)o NH-, or —S(O)o N(alkyl)-; 

Rs is pyridyl, thienyl, imidazolyl, phenyl, phenyl C-C 
alkyl, piperidyl, pyrrolidinyl, imidazolidinyl dione, 
COH, -CO-alkyl, -C(O)NH(alkyl), C(O)N 
(alkyl)(alkyl). —C(O)NH, C-C alkyl, OH, pheny 
loxy, alkoxy, phenylalkoxy, NH, NH(alkyl), N(alkyl) 
(alkyl), or —C-C alkyl-CO-C-C alkyl, each of 
which is optionally substituted with 1, 2, 3, 4, or 5 
groups that are independently alkyl, alkoxy, COH, 
—CO-alkyl, thioalkoxy, halogen, haloalkyl, 
haloalkoxy, hydroxyalkyl, alkanoyl, NO, CN, alkoxy 
carbonyl, or aminocarbonyl. 

R or (CH2) a Rss 

Other preferred compounds of formula X-XXXIII include 
those of formula X-XXXIV: 
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X-XXXIV 
R4 OH 

Z 
y1 Nx YR 

O 
N 
HA, 4. 

A3 

wherein 
R is C-Cs alkyl, cyclopropyl, cyclopentyl, cyclohexyl, or 
—(C-C)alkyl-(C-C) cycloalkyl; and 

As and A are independently C-C alkyl, halogen, or H. 
Preferred compounds of formula X-XXXIV include 

Rao at each occurrence is independently H or C-C alkyl; 
X is C or C alkylidenyl: 
Z is SO; SO; S: or C(O); and 
Y is phenyl: C-Co alkyl optionally substituted with 1, 2, or 

3 halogen; or OH; or 
Y is N(Y)(Y); wherein 
Y and Y are independently H or C-C alkyl. 
More preferred compounds of formula X-XXXIV include 

those of formula X-XXXV: 

X-XXXV 
R4 H 

Y 
1. Z n 

X N-N- n RC 

A3 

Preferred compounds of formula X-XXXV include those 
wherein 
Ra is H.; or C-C alkyl-NHC(O)Rs; wherein 
Rs is selected from the group consisting of cyclopropyl: 

cyclopentyl; cyclohexyl, C-C alkyl optionally substi 
tuted with 1, 2, or 3 groups that are independently 
halogen, —NRR-7, C-C alkoxy, Cs C. heterocy 
cloalkyl, Cs-C heteroaryl, phenyl, C. C., cycloalkyl, 
-S-C1-C alkyl, -SO2 C-C alkyl, -COH, 
—CONR.R., CO-C-C alkyl, or phenyloxy; 
pyridyl, thiazolyl, pyrazolyl, pyrazinyl, optionally sub 
stituted with 1, 2, or 3 groups that are independently 
C-C alkyl, C-C alkoxy, halogen, C-C haloalkyl, 
or OH: piperidinyl, dihydropyridazinonyl, pyrrolidi 
nonyl, thioXothiazolidinonyl, isoxazolyl, imidazolyl, 
indolyl, optionally substituted with 1, 2, or 3 groups 
that are independently C-C alkyl, C-C alkoxy, 
halogen, or C-C alkanoyl; phenyl optionally substi 
tuted with 1, 2, 3, or 4 groups that are independently 
halogen, OH, C-C alkyl, C-C alkoxy, or C-C, 
haloalkyl; and NRR, wherein 

R and R, are independently selected from the group 
consisting of H, C-C alkyl, C-C alkanoyl phenyl, 
—SO, C-C alkyl, benzyl, and phenethyl. 

Other preferred compounds of formula X-XXXV include 
those wherein 
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Ra is -(CH2)o-Rs, wherein 

Rs is -SO-thienyl optionally substituted with 1 or 2 
groups that are independently C-C alkyl or halogen; 
—SO2-phenyl, -SO-piperidinyl, -SO-pyrrolidi 
nyl, imidazolidinyyl dione, -C(O)NHR, 
—S C-C alkyl, or —S C-C alkanoyl, wherein 
Ro is phenyl C-C alkyl, C-C alkyl, or H: 

Other preferred compounds of formula X-XXXV include 
those wherein 
Rais-C-C alkyl-NRsoCORs:-(CH2). NH-Ra: 

or (CH2)NHC(O)-(CH2)o Rs; wherein 
Rso is H or C-C alkyl: 
Rs is selected from benzyl; phenethyl: C-C alkyl 

optionally substituted with 1, 2, or 3 groups that are 
independently halogen, cyano, NRR7, C(O) 
NRR-7, or -C-C alkoxy; heterocycloalkyl contain 
ing at least one N, O, or S and optionally substituted 
with 1 or 2 groups that are independently C-C alkyl, 
C-C alkoxy, halogen, C-C alkanoyl phenyl C-C, 
alkyl, and -SO2 C-C alkyl; heterocycloalkylalkyl 
containing at least one N, O, or S and optionally 
Substituted with 1 or 2 groups that are independently 
C1-C4 alkyl, C-C alkoxy, halogen, C-C alkanoyl, 
phenyl C-C alkyl, and —SO C-C alkyl, C-C, 
alkenyl: C-C alkynyl; heteroaryl optionally substi 
tuted with 1, 2, or 3 groups that are independently OH, 
C-C alkyl, C-C alkoxy, halogen, NH, NH(C-C, 
alkyl) or N(C-C alkyl)(C-C alkyl); heteroarylalkyl 
containing at least one N, O, or S and optionally 
Substituted with 1, 2, or 3 groups that are independently 
C-C alkyl, C-C alkoxy, halogen, NH, NH(C-C, 
alkyl) or N(C-C alkyl)(C-C alkyl); phenyl: C, C 
cycloalkyl, and C-C cycloalkyl C-C alkyl, wherein 
the phenyl: C-C cycloalkyl, and C-C cycloalkyl 
C-C alkyl groups are optionally substituted with 1, 2, 
or 3 groups that are independently halogen, CN, NO, 
C1-C4 alkyl, C1-C4 alkoxy, C-C alkanoyl, C-C, 
haloalkyl, C-C haloalkoxy, hydroxy, C–C hydroxy 
alkyl, C-C thioalkoxy: 
R and R, are independently selected from the group 

consisting of H, C-C alkyl, C-C alkanoyl phe 
nyl, -SO2 C-C alkyl, benzyl, and phenethyl; 

Rs2 is heterocycloalkyl, heteroaryl, phenyl, C-C, 
cycloalkyl, -S(O)o C-C alkyl, CO.H. —C(O) 
NH2, C(O)NH(alkyl). —C(O)N(alkyl)(alkyl). 
—CO-alkyl, - NHS(O)o C-C alkyl, - N(alkyl) 
S(O)o C-C alkyl, -S(O)o-heteroaryl, -S 
(O)o-2-aryl, -NH(arylalkyl). - N(alkyl)(arylalkyl). 
thioalkoxy, or alkoxy, each of which is optionally 
Substituted with 1, 2, 3, 4, or 5 groups that are inde 
pendently C-C alkyl, C-C alkoxy, C-C thio 
alkoxy, halogen, C-C haloalkyl, haloalkoxy, C-C, 
alkanoyl, NO, CN, C-C alkoxycarbonyl, or ami 
nocarbonyl. 

Still other preferred compounds of formula X-XXXV 
include those wherein 
Ra is -(CH2). Rai or (CH2)o a 
Rs, wherein 
R-1 is —SO (C-Cs alkyl). - SO NR-Ra: or 
—CO NR-Ra, wherein 

Ra and Ras are independently H, or C-C alkyl; 
Ra is C-C alkyl, phenyl C-C alkyl (preferably ben 

Zyl of phenethyl), C-C alkanoyl, or phenyl C-C, 
alkanoyl (preferably benzoyl or CHCHCO ); 

Rss is absent, —O , —C(O)—, -NH , N(alkyl)- 
- NH S(O). , —N(alkyl)-S(O) , —S 
(O)o-2 NH-, or —S(O)o N(alkyl)-; 

(CH2) a Rss 
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Rs is pyridyl, thienyl, imidazolyl, phenyl, phenyl C-C, 
alkyl, piperidyl, pyrrolidinyl, imidazolidinyl dione, 
COH, -CO-alkyl, -C(O)NH(alkyl), C(O)N 
(alkyl)(alkyl), —C(O)NH, C-C alkyl, OH, pheny 
loxy, alkoxy, phenylalkoxy, NH, NH(alkyl), N(alkyl) 
(alkyl), or —C-C alkyl-CO-C-C alkyl, each of 
which is optionally substituted with 1, 2, 3, 4, or 5 
groups that are independently alkyl, alkoxy, COH, 
—CO-alkyl, thioalkoxy, halogen, haloalkyl, 
haloalkoxy, hydroxyalkyl, alkanoyl, NO, CN, alkoxy 
carbonyl, or aminocarbonyl. 

Other preferred compounds of formula X-XXXII include 
those of formula X-XXXVI, i.e., compounds of formula 
X-XXXII wherein 
R is —O—C-C alkanoyl; OH: Co-Co aryloxy optionally 

substituted with 1, 2, or 3 groups that are independently 
halogen, C-C alkyl, COH, -C(O)—C-C alkoxy, or 
C-C alkoxy: C-C alkoxy: aryl C-C alkoxy; —O— 
(CH2), R-1, -S-(CH2), R. 
Still other preferred compounds of formula X-XXXVI 

include those wherein 
R is —O—C-C alkanoyl; OH: phenyloxy or napthyloxy, 

each of which is optionally substituted with 1, 2, or 3 
groups that are independently halogen, C-C alkyl, 
COH, -C(O)—C-C alkoxy, or C-C alkoxy; C-C, 
alkoxy; phenyl C-C alkoxy; —O—(CH), R.; or 
—S—(CH), R. 

Ra is —SO (C-C alkyl). —SO NRR, or 
—CO—NR-Ra, wherein 
R2 and Ras are independently H, or C-C alkyl; 
Ra is C-C alkyl, phenyl C-C alkyl, C-C alkanoyl, 

or phenyl C-C alkanoyl; 
More preferred compounds of formula X-XXXVI include 

those wherein 
R is —O—C-C alkanoyl; OH: phenyloxy optionally 

Substituted with 1, or 2 groups that are independently 
halogen, C-C alkyl, COH, -C(O)—C-C alkoxy, or 
C-C alkoxy; or phenyl C-C alkoxy. 
Other preferred compounds of the invention are those of 

formulae X-40 to X-47: 

X-40 

RN 9H R20 

H1 Yx Y Re 
F E R2 R3 

F 

where R. R. R. Ro and R are as defined above for 
structure X. 

X-41 

RN 9H R20 

H1 Yx YRe 
R2 R3 
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where R. R. R. Ro and R are as defined above for 
structure X. 

X-42 

RN 9H R20 

H1 Y Re 
R. R. 

where R. R. R. Ro and R are as defined above for 
structure X. 

X-43 

es NH H OH 

SO O R 

where R. R. R. Rao and R are as defined above for 
structure X. 

X-4 

H H 

N. 
R 

4 

RN 9 

where R. R. R. and R are as defined above for structure 
X. 

X-4 

H. H. 

N. 
H1 Yx o1 

5 

RN 9 

where R. R. R. and R are as defined above for structure 
X. 

X 

RN H. H. 

N 
H1 Yx I 

R 

-46 

where R. R. R. and R are as defined above for structure 
X. 
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When the solubility of a solid in a solvent is used the ratio 
of the solid to the solvent is weight/volume (wt/v). 
BOP refers to benzotriazol-1-yloxy-tris(dimethylamino) 

phosphonium hexafluorophosphate. 
TBDMSC1 refers to t-butyldimethylsilyl chloride. 
TBDMSOTf refers to t-butyldimethylsilyl trifluosulfonic 

acid ester. 
Trisomy 21 refers to Down's Syndrome. 
EDC refers to 1-3-(dimethylamino)propyl-3-ethyl car 

bodiimide. 
DIPMAP refers to (R,R)-1,2-bis(o-methoxyphenyl)-phe 

nylphosphinpethane. 
MeDuPhos refers to 1,2-bis ((2S,5S)-2,5-dimethylphos 

pholano)benzene. 
EtDuPhos refers to 1,2-bis ((2S,5S)-2,5-diethylphosphol 

ano)benzene. 
Binaphane refers to (S,S)-1,2-Bis(S)-4,5-dihydro-3H-di 

naphtho2.1-c:1',2'-elphosphepinobenzene. 
f-Binaphane refers to (R,R)-1,1'-Bis{R)-4,5-dihydro-3H 

dinaphtho2.1-c:1',2'-elphosphepinoferrocene. 
Me-KetalPhos refers to 1.2-Bis-(2S,3S4S,5S)-3,4-O- 

isopropylidene-3,4-dihydroxy-2,5-dimethylbenzene. 
Me-f-KetalPhos refers to 1,1'-Bis-(2S,3S4S,5S)-2,5- 

dimethyl-3,4-O-isopropylidene-3,4-dihydroxyphosphola 
nylferrocene. 

Et-f-KetalPhos refers to 1,1'-Bis-(2S,3S4S,5S)-2,5-di 
ethyl-3,4-O-isopropylidene-3,4-dihydroxyphospholanyl 
ferrocene 
BINAP refers to R-2,2'-bis(diphenylphosphino)-1,1'bi 

naphthyl. 
DIOP refers to (R,R)-2,3-O-isopropylidene-2,3-dihy 

droxy-1,4-bis(diphenylphosphino)-butane. 
BPPFA refers to R-1-(S)-12-bisdiphenylphospino) ferro 

cenyl-ethyldimethylamine. 
BPPM refers to (2S,4S)-1-tert-butoxycarbonyl-4-diphe 

nylphosphino-2-(diphenylphosphinomethyl)pyrrolidine. 
CHIRAPHOS refers to (S,S)-2,3-bis(diphenylphosphino) 

butane. 
PROPHOS refers to (S)-1,2-bis(diphenylphosphino)pro 

pane. 
NORPHOS refers to (R,R)-5,6-bis(diphenylphosphino)- 

2-norbornene. 
CYCLOPHOS refers to R-1-cyclohexyl-1,2-bis(diphe 

nylphosphino)ethane. 
BDPP refers to (2S,4S)-bis(diphenylphosphine) pentane. 
DEGPHOS refers to 1-substituted (S,S)-3,4-bis-(diphe 

nylphosphino)-pyrrolidine. 
PNNP refers to N,N'-bis(diphenylphosphino)-N,N'-bis 

(R)-1-phenylethylenediamine. 
LDA refers to lithium diisopropylamide. 
LiHMDS refers to lithium hexamethyldisilazane. 
KHMDS refers to potassium hexamethyldisilazane. 
By the terms “alkyl and "C-C alkyl is meant straight 

or branched chain alkyl groups having 1–6 carbon atoms, 
Such as, methyl, ethyl, propyl, isopropyl. n-butyl, Sec-butyl, 
tert-butyl, pentyl, 2-pentyl, isopentyl, neopentyl, hexyl, 
2-hexyl, 3-hexyl, and 3-methylpentyl. It is understood that 
in cases where an alkyl chain of a Substituent (e.g. of an 
alkyl, alkoxy or alkenyl group) is shorter or longer than 6 
carbons, it will be so indicated in the second “C” as, for 
example, "C-Co indicates a maximum of 10 carbons. 
By the terms “alkoxy” and "C-C alkoxy” is meant 

straight or branched chain alkyl groups having 1–6 carbon 
atoms, attached through at least one divalent oxygen atom, 
Such as, for example, methoxy, ethoxy, propoxy, isopropoxy, 
n-butoxy, sec-butoxy, tert-butoxy, pentoxy, isopentoxy, neo 
pentoxy, hexoxy, and 3-methylpentoxy. 
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By the term “halogen' is meant fluorine, bromine, chlo 

rine, and/or iodine. 
The terms “alkenyl and "C-C alkenyl refer to straight 

and branched hydrocarbon radicals having from 2 to 6 
carbon atoms and from one to three double bonds and 
includes, for example, ethenyl, propenyl, 1-but-3-enyl, 
1-pent-3-enyl, 1-hex-5-enyl and the like. 
The terms “alkynyl and "C-C alkynyl' means straight 

and branched hydrocarbon radicals having from 2 to 6 
carbon atoms and one or two triple bonds and includes 
ethynyl, propynyl, butynyl, pentyn-2-yl and the like. 
As used herein, the term “cycloalkyl refers to saturated 

carbocyclic radicals having three to twelve carbon atoms. 
The cycloalkyl can be monocyclic, or a polycyclic fused 
system. Examples of Such radicals include cyclopropyl. 
cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl. The 
cycloalkyl groups herein are unsubstituted or, as specified, 
substituted in one or more substitutable positions with 
various groups. For example, Such cycloalkyl groups may be 
optionally substituted with C-C alkyl, C-C alkoxy, halo 
gen, hydroxy, cyano, nitro, amino, mono(C-C)alky 
lamino, di (C-C)alkylamino, C-Calkenyl, 
C. Calkynyl, C-C haloalkyl, C-C haloalkoxy, amino 
(C-C)alkyl, mono(C-C)alkylamino(C-C)alkyl or 
di (C-C) alkylamino (C-C) alkyl. 
By “aryl' is meant an aromatic carbocyclic group having 

a single ring (e.g., phenyl), multiple rings (e.g., biphenyl), or 
multiple condensed rings in which at least one is aromatic, 
(e.g., 1,2,3,4-tetrahydronaphthyl, naphthyl), which is 
optionally mono-, di-, or trisubstituted. Preferred aryl groups 
of the invention are phenyl, 1-naphthyl 2-naphthyl, indanyl. 
indenyl, dihydronaphthyl, tetralinyl or 6,7,8,9-tetrahydro 
5H-benzoacycloheptenyl. Even more preferred aryl groups 
are phenyl and napthyl. The most preferred aryl group is 
phenyl. 
The aryl groups herein are unsubstituted or, as specified, 

substituted in one or more substitutable positions with 
various groups. For example, Such aryl groups may be 
optionally substituted with, for example, C-C alkyl, 
C-C alkoxy, halogen, hydroxy, cyano, nitro, amino, mono 
(C-C)alkylamino, di(C-C)alkylamino, C. Calkenyl, 
C. Calkynyl, C-C haloalkyl, C-C haloalkoxy, amino 
(C-C) alkyl, mono (C-C) alkylamino (C-C)alkyl, 
di(C-C)alkylamino(C-C)alkyl, -COOH, -C(=O)C) 
(C-C alkyl), —C(=O)NH2. —C(=O)N(mono- or 
di-C-C alkyl). —S(C-C alkyl). —SO(C-C alkyl). 
—O C(=O)(C-C alkyl), NH C(=O)—(C-C, 
alkyl). N(C-C alkyl)-C(=O)—(C-C alkyl). —NH 
SO (C-C alkyl). —N(C-C alkyl)-SO-(C-C alkyl). 
NH-C(=O)NH, -NH C(=O)N(mono- or di-C-C, 

alkyl). —NH(C-C alkyl)-C(=O) NH or —NH(C-C, 
alkyl)-C(=O) N-(mono- or di-C-C alkyl). 
By “heteroaryl is meant one or more aromatic ring 

systems of 5-, 6-, or 7-membered rings which includes fused 
ring systems of 9–11 atoms containing at least one and up to 
four heteroatoms selected from nitrogen, oxygen, or Sulfur. 
Preferred heteroaryl groups of the invention include pyridi 
nyl, pyrimidinyl, quinolinyl, benzothienyl, indolyl, indoli 
nyl, pryidazinyl, pyrazinyl, isoindolyl, isoquinolyl, 
quinazolinyl, quinoxalinyl, phthalazinyl, imidazolyl, isox 
azolyl pyrazolyl, oxazolyl, thiazolyl, indolizinyl, indazolyl, 
benzothiazolyl, benzimidazolyl, benzofuranyl, furanyl, thie 
nyl, pyrrolyl, oxadiazolyl, thiadiazolyl, triazolyl, tetrazolyl, 
oxazolopyridinyl, imidazopyridinyl, isothiazolyl, naphthy 
ridinyl, cinnolinyl, carbazolyl, beta-carbolinyl, isochroma 
nyl, chromanyl, tetrahydroisoquinolinyl, isoindolinyl, 
isobenzotetrahydrofuranyl, isobenzotetrahydrothienyl, 
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isobenzothienyl, benzoxazolyl pyridopyridinyl, benzotet 
rahydrofuranyl, benzotetrahydrothienyl, purinyl, benzo 
dioxolyl, triazinyl, phenoxazinyl, phenothiazinyl, pteridinyl, 
benzothiazolyl, imidazopyridinyl, imidazothiazolyl, dihy 
drobenzisoxazinyl, benzisoxazinyl, benzoxazinyl, dihy 
drobenzisothiazinyl, benzopyranyl, benzothiopyranyl, cou 
marinyl, isocoumarinyl, chromonyl, chromanonyl, 
pyridinyl-N-oxide, tetrahydroquinolinyl, dihydroquinolinyl, 
dihydroquinolinonyl, dihydroisoquinolinonyl, dihydrocou 
marinyl, dihydroisocoumarinyl, isoindolinonyl, benzo 
dioxanyl, benzoxazolinonyl, pyrrolyl N-oxide, pyrimidinyl 
N-oxide, pyridazinyl N-oxide, pyrazinyl N-oxide, quinoli 
nyl N-oxide, indolyl N-oxide, indolinyl N-oxide, isoquinolyl 
N-oxide, quinazolinyl N-oxide, quinoxalinyl N-oxide, 
phthalazinyl N-oxide, imidazolyl N-oxide, isoxazolyl N-ox 
ide, oxazolyl N-oxide, thiazolyl N-oxide, indolizinyl N-ox 
ide, indazolyl N-oxide, benzothiazolyl N-oxide, benzimida 
Zolyl N-oxide, pyrrolyl N-oxide, oxadiazolyl N-oxide, 
thiadiazolyl N-oxide, triazolyl N-oxide, tetrazolyl N-oxide, 
benzothiopyranyl S-oxide, benzothiopyranyl S.S.-dioxide. 

The heteroaryl groups herein are unsubstituted or, as 
specified, substituted in one or more substitutable positions 
with various groups. For example, Such heteroaryl groups 
may be optionally Substituted with C-C alkyl, C-C, 
alkoxy, halogen, hydroxy, cyano, nitro, amino, mono 
(C-C)alkylamino, di(C-C)alkylamino, C. Calkenyl, 
C-Calkynyl, C-C haloalkyl, C-C haloalkoxy, amino 
(C-C)alkyl, mono(C-C)alkylamino(C-C)alkyl or 
di(C-C)alkylamino(C-C)alkyl, -COOH, - C(=O)C) 
(C-C alkyl). —C(=O)NH = C(=O)N(mono- or 
di-C-C alkyl). —S(C-C alkyl). —SO(C-C alkyl). 
—O C(=O)(C-C alkyl), -NH C(=O)–(C-C, 
alkyl), N(C-C alkyl)-C(=O)—(C-C alkyl). —NH 
SO (C-C alkyl). —N(C-C alkyl)-SO (C-C, 
alkyl), -NH C(=O)NH, -NH C(=O)N(mono- or 
di-C-C alkyl). —NH(C-C alkyl)-C(=O) NH or 
—NH(C-C alkyl)-C(=O) N-(mono- or di-C-C alkyl). 
By the terms "heterocycle”, “heterocycloalkyl and “het 

erocyclyl is meant one or more carbocyclic ring systems of 
4-, 5-, 6-, or 7-membered rings which includes fused ring 
systems of 9–11 atoms containing at least one and up to four 
heteroatoms selected from nitrogen, oxygen, or Sulfur. Pre 
ferred heterocycles of the invention include morpholinyl, 
thiomorpholinyl, thiomorpholinyl S-oxide, thiomorpholinyl 
S.S.-dioxide, piperazinyl, homopiperazinyl, pyrrolidinyl, 
pyrrolinyl, tetrahydropyranyl, piperidinyl, tetrahydrofura 
nyl, tetrahydrothienyl, homopiperidinyl, homomorpholinyl, 
homothiomorpholinyl, homothiomorpholinyl S.S.-dioxide, 
oxazolidinonyl, dihydropyrazolyl, dihydropyrrolyl, dihy 
dropyrazinyl, dihydropyridinyl, dihydropyrimidinyl, dihy 
drofuryl, dihydropyranyl, tetrahydrothienyl S-oxide, tet 
rahydrothienyl S.S.-dioxide and homothiomorpholinyl 
S-oxide. 
The heterocycle groups herein are unsubstituted or, as 

specified, substituted in one or more substitutable positions 
with various groups. For example, Such heterocycle groups 
may be optionally Substituted with C-C alkyl, C-C, 
alkoxy, halogen, hydroxy, cyano, nitro, amino, mono 
(C-C)alkylamino, di(C-C)alkylamino, C. Calkenyl, 
C-Calkynyl, C-C haloalkyl, C-C haloalkoxy, amino 
(C-C) alkyl, mono (C-C) alkylamino (C-C)alkyl, 
di (C-C)alkylamino(C-C)alkyl or =O. 

APP, amyloid precursor protein, is defined as any APP 
polypeptide, including APP variants, mutations, and iso 
forms, for example, as disclosed in U.S. Pat. No. 5,766,846. 

A-beta, amyloid beta peptide, is defined as any peptide 
resulting from beta-secretase mediated cleavage of APP. 
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including peptides of 39, 40, 41, 42, and 43 amino acids, and 
extending from the beta-secretase cleavage site to amino 
acids 39, 40, 41, 42, or 43. 

Beta-secretase (BACE1, Asp2, Memapsin 2) is an aspar 
tyl protease that mediates cleavage of APP at the amino 
terminal edge of A-beta. Human beta-secretase is described, 
for example, in WO00/17369. 

Pharmaceutically acceptable refers to those properties 
and/or Substances that are acceptable to the patient from a 
pharmacological/toxicological point of view and to the 
manufacturing pharmaceutical chemist from a physical/ 
chemical point of view regarding composition, formulation, 
stability, patient acceptance and bioavailability. 
A therapeutically effective amount is defined as an 

amount effective to reduce or lessen at least one symptom of 
the disease being treated or to reduce or delay onset of one 
or more clinical markers or symptoms of the disease. 

PHARMACEUTICAL COMPOSITIONS 

Compositions containing therapeutically effective 
amounts of the compounds are provided of the invention. 
The compounds are preferably formulated into suitable 
pharmaceutical preparations such as tablets, capsules or 
elixirs, for oral administration or in sterile solutions or 
Suspensions for parenteral administration. Typically the 
compounds described above are formulated into pharma 
ceutical compositions using techniques and procedures 
known in the art. 
A unit dose of about 0.1 to 1000 mg of a compound or 

mixture of compounds of the invention or a physiologically 
acceptable salt is compounded with a physiologically 
acceptable vehicle, carrier, excipient, binder, preservative, 
stabilizer, flavor, etc., in a unit dosage form as called for by 
accepted pharmaceutical practice. The amount of active 
Substance in those compositions or preparations is such that 
a Suitable dosage in the range indicated is obtained. The 
compositions are preferably formulated in a unit dosage 
form, each dosage containing from about 0.1 to about 1000 
mg the desired amount of the active ingredient. The term 
“unit dosage form' refers to physically discrete units suit 
able as unitary dosages for human Subjects and other mam 
mals, each unit containing a predetermined quantity of 
active material calculated to produce the desired therapeutic 
effect, in association with a Suitable pharmaceutical excipi 
ent. Preferably, the compound of the invention is employed 
at no more than about 20 weight percent of the pharmaceu 
tical composition, more preferably no more than about 15 
weight percent, with the balance being pharmaceutically 
inert carrier(s). 
To prepare compositions, one or more compounds of the 

invention are mixed with a suitable pharmaceutically accept 
able carrier. Upon mixing or addition of the compound(s), 
the resulting mixture may be a solution, Suspension, emul 
sion or the like. Liposomal Suspensions may also be suitable 
as pharmaceutically acceptable carriers. These may be pre 
pared according to methods known to those skilled in the art. 
The form of the resulting mixture depends upon a number of 
factors, including the intended mode of administration and 
the solubility of the compound in the selected carrier or 
vehicle. The effective concentration is sufficient for amelio 
rating at least one symptom of the disease, disorder, or 
condition treated and may be empirically determined. 

Pharmaceutical carriers or vehicles suitable for adminis 
tration of the compounds provided herein include any Such 
carriers known to those skilled in the art to be suitable for the 
particular mode of administration. In addition, the active 
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materials can also be mixed with other active materials that 
do not impair the desired action, or with materials that 
supplement the desired action or have other action. The 
compounds may be formulated as the Sole pharmaceutically 
active ingredient in the composition or may be combined 
with other active ingredients. 

In instances in which the compounds exhibit insufficient 
solubility, methods for solubilizing compounds may be used. 
Such methods are known to those of skill in this art, and 
include, but are not limited to, using cosolvents, such as 
dimethylsulfoxide (DMSO), using surfactants, such as 
Tween R, or dissolution in aqueous sodium bicarbonate. 
Derivatives of the compounds, such as salts of the com 
pounds or prodrugs of the compounds may also be used in 
formulating effective pharmaceutical compositions. 
The concentration of the compounds in the composition is 

effective for delivery of an amount that, upon administra 
tion, ameliorates one or more symptoms of the disorder for 
which the compound is administered. Typically, the com 
positions are formulated for single dosage administration. 
The compounds of the invention may be prepared with 

carriers that protect them against rapid elimination from the 
body, Such as time-release formulations or coatings. Such 
carriers include controlled release formulations. Such as, but 
not limited to, microencapsulated delivery systems. The 
active compound is included in the pharmaceutically accept 
able carrier in an amount Sufficient to exert a therapeutically 
useful effect in the absence of undesirable side effects on the 
patient treated. The therapeutically effective concentration 
may be determined empirically by testing the compounds in 
known in vitro and in vivo model systems for the treated 
disorder. 
The compositions can be enclosed in ampoules, dispos 

able syringes, or multiple or single dose vials made of glass, 
plastic, or other Suitable material. Such enclosed composi 
tions can be provided in kits. 

The concentration of active compound in the drug com 
position will depend on absorption, inactivation, and excre 
tion rates of the active compound, the dosage schedule, and 
amount administered, as as other factors known to those of 
skill in the art. 
The active ingredient may be administered at once, or 

may be divided into a number of smaller doses to be 
administered at intervals of time. It is understood that the 
precise dosage and duration of treatment is a function of the 
disease being treated and may be determined empirically 
using known testing protocols or by extrapolation from in 
vivo or in vitro test data. It is to be noted that concentrations 
and dosage values may also vary with the severity of the 
condition to be alleviated. It is to be further understood that 
for any particular Subject, specific dosage regimens may be 
adjusted over time according to the individual need and the 
professional judgment of the person administering or Super 
vising the administration of the compositions, and that the 
concentration ranges set forth herein are exemplary only and 
are not intended to limit the scope or practice of the claimed 
compositions. 

If oral administration is desired, the compound may be 
provided in a composition that protects it from the acidic 
environment of the stomach. For example, the composition 
can be formulated in an enteric coating that maintains its 
integrity in the stomach and releases the active compound in 
the intestine. The composition may also be formulated in 
combination with an antacid or other Such ingredient. 

Oral compositions will generally include an inert diluent 
or an edible carrier and may be compressed into tablets or 
enclosed in gelatin capsules. For the purpose of oral thera 
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peutic administration, the active compound or compounds 
can be incorporated with excipients and used in the form of 
tablets, capsules or troches. Pharmaceutically compatible 
binding agents and adjuvant materials can be included as 
part of the composition. 
The tablets, pills, capsules, troches, and the like can 

contain any of the following ingredients or compounds of a 
similar nature: a binder, Such as, but not limited to, gum 
tragacanth, acacia, corn starch, or gelatin; an excipient Such 
as microcrystalline cellulose, starch, or lactose; a disinte 
grating agent such as, but not limited to, alginic acid or corn 
starch; a lubricant Such as, but not limited to, magnesium 
Stearate; a gildant, such as, but not limited to, colloidal 
silicon dioxide; a Sweetening agent Such as Sucrose or 
saccharin; and a flavoring agent such as peppermint, methyl 
salicylate, or fruit flavoring. 
When the dosage unit form is a capsule, it can contain, in 

addition to material of the above type, a liquid carrier Such 
as a fatty oil. In addition, dosage unit forms can contain 
various other materials that modify the physical form of the 
dosage unit, for example, coatings of Sugar or other enteric 
agents. The compounds can also be administered as a 
component of an elixir, Suspension, syrup, wafer, chewing 
gum, or the like. A syrup may contain, in addition to the 
active compounds, sucrose as a Sweetening agent or certain 
preservatives, dyes and colorings, and flavors. 
The active materials can also be mixed with other active 

materials that do not impair the desired action, or with 
materials that Supplement the desired action. 

Solutions or Suspensions used for parenteral, intradermal, 
Subcutaneous, or topical application can include any of the 
following components: a sterile diluent, such as water for 
injection, Saline solution, fixed oil, a naturally occurring 
vegetable oil Such as sesame oil, coconut oil, peanut oil, 
cottonseed oil, and the like, or a synthetic fatty vehicle such 
as ethyl oleate or the like, polyethylene glycol, glycerine, 
propylene glycol, or other synthetic solvent; antimicrobial 
agents, such as benzyl alcohol or methyl parabens; antioxi 
dants, such as ascorbic acid or sodium bisulfite; chelating 
agents, such as ethylenediaminetetraacetic acid (EDTA); 
buffers, such as acetates, citrates, or phosphates; and agents 
for the adjustment of tonicity, such as Sodium chloride or 
dextrose. Parenteral preparations can be enclosed in 
ampoules, disposable Syringes, or multiple dose vials made 
of glass, plastic, or other Suitable material. Buffers, preser 
Vatives, antioxidants, and the like can be incorporated as 
required. 

If administered intravenously, suitable carriers include 
physiological saline orphosphate buffered saline (PBS), and 
Solutions containing thickening and solubilizing agents, 
Such as glucose, polyethylene glycol, polypropyleneglycol, 
and mixtures thereof. Liposomal Suspensions, including 
tissue-targeted liposomes, may also be suitable as pharma 
ceutically acceptable carriers. These may be prepared 
according to methods known to those skilled in the art. For 
example, liposome formulations may be prepared as 
described in U.S. Pat. No. 4,522,811. 
The active compounds may be prepared with carriers that 

protect the compound against rapid elimination from the 
body, such as time release formulations or coatings. Such 
carriers include controlled release formulations, such as, but 
not limited to, implants and microencapsulated delivery 
systems, and biodegradable, biocompatible polymers, such 
as collagen, ethylene vinyl acetate, polyanhydrides, polyg 
lycolic acid, polyorthoesters, polylactic acid, and others. 
Methods for preparation of such formulations are known to 
those skilled in the art. 
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METHODS OF THE INVENTION 

The compounds of the invention, and pharmaceutically 
acceptable salts thereof, are useful for treating humans or 
animals suffering from a condition characterized by a patho 
logical form of beta-amyloid peptide, Such as beta-amyloid 
plaques, and for helping to prevent or delay the onset of Such 
a condition. For example, the compounds are useful for 
treating Alzheimer's disease, for helping prevent or delay 
the onset of Alzheimer's disease, for treating patients with 
MCI (mild cognitive impairment) and preventing or delay 
ing the onset of Alzheimer's disease in those who would 
progress from MCI to AD, for treating Down's syndrome, 
for treating humans who have Hereditary Cerebral Hemor 
rhage with Amyloidosis of the Dutch-Type, for treating 
cerebral amyloid angiopathy and preventing its potential 
consequences, i.e. single and recurrent lobal hemorrhages, 
for treating other degenerative dementias, including demen 
tias of mixed vascular and degenerative origin, dementia 
associated with Parkinson's disease, dementia associated 
with progressive Supranuclear palsy, dementia associated 
with cortical basal degeneration diffuse Lewy body type 
Alzheimer's disease. The compounds and compositions of 
the invention are particularly useful for treating Alzheimer's 
disease. When treating these diseases, the compounds of the 
invention can either be used individually or in combination, 
as is best for the patient. 
As used herein, the term “treating” means that the com 

pounds of the invention can be used in humans with at least 
a tentative diagnosis of disease. The compounds of the 
invention will delay or slow the progression of the disease 
thereby giving the individual a longer and more useful life 
Span. 
The term “preventing means that the compounds of the 

invention are useful when administered to a patient who has 
not been diagnosed as having or possibly having the disease 
at the time of administration, but who would normally be 
expected to develop the disease or beat increased risk for the 
disease. The compounds of the invention will slow the 
development of disease symptoms, delay the onset of the 
disease, or prevent the individual from developing the 
disease. Preventing thus includes administration of the com 
pounds of the invention to those individuals thought to be 
predisposed to the disease due to age, familial history, 
genetic or chromosomal abnormalities, and/or due to the 
presence of one or more biological markers for the disease, 
such as a known genetic mutation of APP or APP cleavage 
products in brain tissues or fluids. 

In treating or preventing the above diseases, the com 
pounds of the invention are administered in a therapeutically 
effective amount. The therapeutically effective amount will 
vary depending on the particular compound used and the 
route of administration, as is known to those skilled in the 
art. 

In treating a patient displaying any of the diagnosed above 
conditions a physician may administer a compound of the 
invention immediately and continue administration indefi 
nitely, as needed. In treating patients who are not diagnosed 
as having Alzheimer's disease, but who are believed to be at 
substantial risk for Alzheimer's disease, the physician 
should preferably start treatment when the patient first 
experiences early pre-Alzheimer's symptoms such as, 
memory or cognitive problems associated with aging. In 
addition, there are some patients who may be determined to 
be at risk for developing Alzheimer's through the detection 
of a genetic marker such as APOE4 or other biological 
indicators that are predictive for Alzheimer's disease. In 
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these situations, even though the patient does not have 
symptoms of the disease, administration of the compounds 
of the invention may be started before symptoms appear, and 
treatment may be continued indefinitely to prevent or delay 
the outset of the disease. 

MODES OF ADMINISTRATION, DOSAGE 
FORMS AND AMOUNTS 

The compounds of the invention can be administered 
orally, parenterally (IV. IM, depo-IM, SQ and depo-SQ), 
Sublingually, intranasally (inhalation), intrathecally, topi 
cally and rectally. Dosage forms known to those skilled in 
the art are suitable for delivery of the novel substituted 
amines X of the invention. 

Compositions are provided that contain therapeutically 
effective amounts of the compounds of the invention. The 
compounds are preferably formulated into Suitable pharma 
ceutical preparations such as tablets, capsules, or elixirs for 
oral administration or in sterile solutions or Suspensions for 
parenteral administration. Typically the compounds 
described above are formulated into pharmaceutical com 
positions using techniques and procedures known in the art. 
About 1 to 500 mg of a compound or mixture of com 

pounds of the invention or a physiologically acceptable salt 
or ester is compounded with a physiologically acceptable 
vehicle, carrier, excipient, binder, preservative, stabilizer, 
flavor, etc., in a unit dosage form as called for by accepted 
pharmaceutical practice. The amount of active Substance in 
those compositions or preparations is such that a Suitable 
dosage in the range indicated is obtained. The compositions 
are preferably formulated in a unit dosage form, each dosage 
containing from about 2 to about 100 mg, more preferably 
about 10 to about 30 mg of the active ingredient. The term 
“unit dosage from refers to physically discrete units suit 
able as unitary dosages for human Subjects and other mam 
mals, each unit containing a predetermined quantity of 
active material calculated to produce the desired therapeutic 
effect, in association with a Suitable pharmaceutical excipi 
ent. 
To prepare compositions, one or more compounds of the 

invention are mixed with a suitable pharmaceutically accept 
able carrier. Upon mixing or addition of the compound(s), 
the resulting mixture may be a solution, Suspension, emul 
Sion, or the like. Liposomal Suspensions may also be suitable 
as pharmaceutically acceptable carriers. These may be pre 
pared according to methods known to those skilled in the art. 
The form of the resulting mixture depends upon a number of 
factors, including the intended mode of administration and 
the solubility of the compound in the selected carrier or 
vehicle. The effective concentration is sufficient for lessen 
ing or ameliorating at least one symptom of the disease, 
disorder, or condition treated and may be empirically deter 
mined. 

Pharmaceutical carriers or vehicles suitable for adminis 
tration of the compounds provided herein include any Such 
carriers known to those skilled in the art to be suitable for the 
particular mode of administration. In addition, the active 
materials can also be mixed with other active materials that 
do not impair the desired action, or with materials that 
Supplement the desired action, or have another action. The 
compounds may be formulated as the Sole pharmaceutically 
active ingredient in the composition or may be combined 
with other active ingredients. 
Where the compounds exhibit insufficient solubility, 

methods for solubilizing may be used. Such methods are 
known and include, but are not limited to, using cosolvents 
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such as dimethylsulfoxide (DMSO), using surfactants such 
as Tween(R), and dissolution in aqueous Sodium bicarbonate. 
Derivatives of the compounds, such as salts or prodrugs may 
also be used in formulating effective pharmaceutical com 
positions. 
The concentration of the compound is effective for deliv 

ery of an amount upon administration that lessens or ame 
liorates at least one symptom of the disorder for which the 
compound is administered. Typically, the compositions are 
formulated for single dosage administration. 
The compounds of the invention may be prepared with 

carriers that protect them against rapid elimination from the 
body, Such as time-release formulations or coatings. Such 
carriers include controlled release formulations. Such as, but 
not limited to, microencapsulated delivery systems. The 
active compound is included in the pharmaceutically accept 
able carrier in an amount Sufficient to exert a therapeutically 
useful effect in the absence of undesirable side effects on the 
patient treated. The therapeutically effective concentration 
may be determined empirically by testing the compounds in 
known in vitro and in vivo model systems for the treated 
disorder. 
The compounds and compositions of the invention can be 

enclosed in multiple or single dose containers. The enclosed 
compounds and compositions can be provided in kits, for 
example, including component parts that can be assembled 
for use. For example, a compound inhibitor in lyophilized 
form and a Suitable diluent may be provided as separated 
components for combination prior to use. A kit may include 
a compound inhibitor and a second therapeutic agent for 
co-administration. The inhibitor and second therapeutic 
agent may be provided as separate component parts. A kit 
may include a plurality of containers, each container holding 
one or more unit dose of the compound of the invention. The 
containers are preferably adapted for the desired mode of 
administration, including, but not limited to tablets, gel 
capsules, Sustained-release capsules, and the like for oral 
administration; depot products, pre-filled Syringes, ampules, 
vials, and the like for parenternal administration; and 
patches, medipads, creams, and the like for topical admin 
istration. 
The concentration of active compound in the drug com 

position will depend on absorption, inactivation, and excre 
tion rates of the active compound, the dosage schedule, and 
amount administered as as other factors known to those of 
skill in the art. 
The active ingredient may be administered at once, or 

may be divided into a number of smaller doses to be 
administered at intervals of time. It is understood that the 
precise dosage and duration of treatment is a function of the 
disease being treated and may be determined empirically 
using known testing protocols or by extrapolation from in 
vivo or in vitro test data. It is to be noted that concentrations 
and dosage values may also vary with the severity of the 
condition to be alleviated. It is to be further understood that 
for any particular subject, specific dosage regimens should 
be adjusted over time according to the individual need and 
the professional judgment of the person administering or 
Supervising the administration of the compositions, and that 
the concentration ranges set forth herein are exemplary only 
and are not intended to limit the scope or practice of the 
claimed compositions. 

If oral administration is desired, the compound should be 
provided in a composition that protects it from the acidic 
environment of the stomach. For example, the composition 
can be formulated in an enteric coating that maintains its 
integrity in the stomach and releases the active compound in 
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the intestine. The composition may also be formulated in 
combination with an antacid or other Such ingredient. 

Oral compositions will generally include an inert diluent 
or an edible carrier and may be compressed into tablets or 
enclosed in gelatin capsules. For the purpose of oral thera 
peutic administration, the active compound or compounds 
can be incorporated with excipients and used in the form of 
tablets, capsules, or troches. Pharmaceutically compatible 
binding agents and adjuvant materials can be included as 
part of the composition. 
The tablets, pills, capsules, troches, and the like can 

contain any of the following ingredients or compounds of a 
similar nature: a binder Such as, but not limited to, gum 
tragacanth, acacia, corn starch, or gelatin; an excipient Such 
as microcrystalline cellulose, starch, or lactose; a disinte 
grating agent Such as, but not limited to, alginic acid and 
corn starch; a lubricant such as, but not limited to, magne 
sium Stearate; a gildant, such as, but not limited to, colloidal 
silicon dioxide; a Sweetening agent Such as Sucrose or 
saccharin; and a flavoring agent such as peppermint, methyl 
salicylate, or fruit flavoring. 
When the dosage unit form is a capsule, it can contain, in 

addition to material of the above type, a liquid carrier Such 
as a fatty oil. In addition, dosage unit forms can contain 
various other materials, which modify the physical form of 
the dosage unit, for example, coatings of Sugar and other 
enteric agents. The compounds can also be administered as 
a component of an elixir, Suspension, syrup, wafer, chewing 
gum or the like. A syrup may contain, in addition to the 
active compounds. Sucrose as a Sweetening agent and certain 
preservatives, dyes and colorings, and flavors. 
The active materials can also be mixed with other active 

materials that do not impair the desired action, or with 
materials that Supplement the desired action. 

Solutions or Suspensions used for parenteral, intradermal, 
Subcutaneous, or topical application can include any of the 
following components: a sterile diluent Such as water for 
injection, Saline solution, fixed oil, a naturally occurring 
vegetable oil Such as sesame oil, coconut oil, peanut oil, 
cottonseed oil, and the like, or a synthetic fatty vehicle such 
as ethyl oleate, and the like, polyethylene glycol, glycerine, 
propylene glycol, or other synthetic solvent; antimicrobial 
agents such as benzyl alcohol and methyl parabens; anti 
oxidants such as ascorbic acid and sodium bisulfite; chelat 
ing agents such as ethylenediaminetetraacetic acid (EDTA); 
buffers such as acetates, citrates, and phosphates; and agents 
for the adjustment of tonicity Such as sodium chloride and 
dextrose. Parenteral preparations can be enclosed in 
ampoules, disposable Syringes, or multiple dose vials made 
of glass, plastic, or other Suitable material. Buffers, preser 
Vatives, antioxidants, and the like can be incorporated as 
required. 
Where administered intravenously, suitable carriers 

include physiological saline, phosphate buffered saline 
(PBS), and solutions containing thickening and solubilizing 
agents such as glucose, polyethylene glycol, polypropyle 
neglycol, and mixtures thereof. Liposomal Suspensions 
including tissue-targeted liposomes may also be suitable as 
pharmaceutically acceptable carriers. These may be pre 
pared according to methods known for example, as 
described in U.S. Pat. No. 4,522,811. 
The active compounds may be prepared with carriers that 

protect the compound against rapid elimination from the 
body, such as time-release formulations or coatings. Such 
carriers include controlled release formulations, such as, but 
not limited to, implants and microencapsulated delivery 
systems, and biodegradable, biocompatible polymers such 
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as collagen, ethylene vinyl acetate, polyanhydrides, polyg 
lycolic acid, polyorthoesters, polylactic acid, and the like. 
Methods for preparation of such formulations are known to 
those skilled in the art. 

The compounds of the invention can be administered 
orally, parenterally (IV, IM, depo-IM, SQ, and depo-SQ), 
Sublingually, intranasally (inhalation), intrathecally, topi 
cally, or rectally. Dosage forms known to those skilled in the 
art are suitable for delivery of the compounds of the inven 
tion. 
Compounds of the invention may be administered enter 

ally or parenterally. When administered orally, compounds 
of the invention can be administered in usual dosage forms 
for oral administration as is known to those skilled in the art. 
These dosage forms include the usual solid unit dosage 
forms of tablets and capsules as as liquid dosage forms such 
as Solutions, Suspensions, and elixirs. When the Solid dosage 
forms are used, it is preferred that they be of the sustained 
release type so that the compounds of the invention need to 
be administered only once or twice daily. 

The oral dosage forms are administered to the patient 1, 
2, 3, or 4 times daily. It is preferred that the compounds of 
the invention be administered either three or fewer times, 
more preferably once or twice daily. Hence, it is preferred 
that the compounds of the invention be administered in oral 
dosage form. It is preferred that whatever oral dosage form 
is used, that it be designed so as to protect the compounds 
of the invention from the acidic environment of the stomach. 
Enteric coated tablets are known to those skilled in the art. 
In addition, capsules filled with Small spheres each coated to 
protect from the acidic stomach, are also known to those 
skilled in the art. 
When administered orally, an administered amount thera 

peutically effective to inhibit beta-secretase activity, to 
inhibit A-beta production, to inhibit A-beta deposition, or to 
treat or prevent AD is from about 0.1 mg/day to about 1,000 
mg/day. It is preferred that the oral dosage is from about 1 
mg/day to about 100 mg/day. It is more preferred that the 
oral dosage is from about 5 mg/day to about 50 mg/day. It 
is understood that while a patient may be started at one dose, 
that dose may be varied over time as the patient’s condition 
changes. 
Compounds of the invention may also be advantageously 

delivered in a nano crystal dispersion formulation. Prepara 
tion of such formulations is described, for example, in U.S. 
Pat. No. 5,145,684. Nano crystalline dispersions of HIV 
protease inhibitors and their method of use are described in 
U.S. Pat. No. 6,045,829. The nano crystalline formulations 
typically afford greater bioavailability of drug compounds. 

The compounds of the invention can be administered 
parenterally, for example, by IV, IM, depo-IM, SC, or 
depo-SC. When administered parenterally, a therapeutically 
effective amount of about 0.5 to about 100 mg/day, prefer 
ably from about 5 to about 50 mg daily should be delivered. 
When a depo formulation is used for injection once a month 
or once every two weeks, the dose should be about 0.5 
mg/day to about 50 mg/day, or a monthly dose of from about 
15 mg to about 1,500 mg. In part because of the forgetful 
ness of the patients with Alzheimer's disease, it is preferred 
that the parenteral dosage form be a depo formulation. 

The compounds of the invention can be administered 
Sublingually. When given Sublingually, the compounds of 
the invention should be given one to four times daily in the 
amounts described above for IM administration. 
The compounds of the invention can be administered 

intranasally. When given by this route, the appropriate 
dosage forms are a nasal spray or dry powder, as is known 
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to those skilled in the art. The dosage of the compounds of 
the invention for intranasal administration is the amount 
described above for IM administration. 

The compounds of the invention can be administered 
intrathecally. When given by this route the appropriate 
dosage form can be a parenteral dosage form as is known to 
those skilled in the art. The dosage of the compounds of the 
invention for intrathecal administration is the amount 
described above for IM administration. 

The compounds of the invention can be administered 
topically. When given by this route, the appropriate dosage 
form is a cream, ointment, or patch. Because of the amount 
of the compounds of the invention to be administered, the 
patch is preferred. When administered topically, the dosage 
is from about 0.5 mg/day to about 200 mg/day. Because the 
amount that can be delivered by a patch is limited, two or 
more patches may be used. The number and size of the patch 
is not important, what is important is that a therapeutically 
effective amount of the compounds of the invention be 
delivered as is known to those skilled in the art. The 
compounds of the invention can be administered rectally by 
suppository as is known to those skilled in the art. When 
administered by suppository, the therapeutically effective 
amount is from about 0.5 mg to about 500 mg. 
The compounds of the invention can be administered by 

implants as is known to those skilled in the art. When 
administering a compound of the invention by implant, the 
therapeutically effective amount is the amount described 
above for depot administration. 
The invention here is the new compounds of the invention 

and new methods of using the compounds of the invention. 
Given a particular compound of the invention and a desired 
dosage form, one skilled in the art would know how to 
prepare and administer the appropriate dosage form. 
The compounds of the invention are used in the same 

manner, by the same routes of administration, using the 
same pharmaceutical dosage forms, and at the same dosing 
schedule as described above, for treating patients with MCI 
(mild cognitive impairment) and preventing or delaying the 
onset of Alzheimer's disease in those who would progress 
from MCI to AD, for treating Down's syndrome, for treating 
humans who have Hereditary Cerebral Hemorrhage with 
Amyloidosis of the Dutch-Type, for treating cerebral amy 
loid angiopathy and preventing its potential consequences, 
i.e. single and recurrent lobar hemorrhages, for treating other 
degenerative dementias, including dementias of mixed vas 
cular and degenerative origin, dementia associated with 
Parkinson's disease, dementia associated with progressive 
Supranuclear palsy, dementia associated with cortical basal 
degeneration, diffuse Lewy body type of Alzheimer's dis 
CaSC. 

The compounds of the invention can be used in combi 
nation, with each other or with other therapeutic agents or 
approaches used to treat or prevent the conditions listed 
above. Such agents or approaches include: acetylcholine 
esterase inhibitors such as tacrine (tetrahydroaminoacridine, 
marketed as COGNEXR), donepezil hydrochloride, (mar 
keted as Aricept(R) and rivastigmine (marketed as Exelon(R): 
gamma-secretase inhibitors; anti-inflammatory agents such 
as cyclooxygenase II inhibitors; anti-oxidants such as Vita 
min E and ginkolides; immunological approaches, such as, 
for example, immunization with A-beta peptide or admin 
istration of anti-A-beta peptide antibodies; statins; and direct 
or indirect neurotropic agents such as Cerebrolysin(R), AIT 
082 (Emilieu, 2000, Arch. Neurol. 57:454), and other neu 
rotropic agents of the future. 
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In addition, the compounds of the invention can also be 
used with inhibitors of P-glycoprotein (P-gp). The use of 
P-gp inhibitors is known to those skilled in the art. See for 
example, Cancer Research, 53, 4595–4602 (1993), Clin. 
Cancer Res., 2, 7–12 (1996), Cancer Research, 56, 
4171–4179 (1996), International Publications WO99/64001 
and WO01/10387. The important thing is that the blood 
level of the P-gp inhibitor be such that it exerts its effect in 
inhibiting P-gp from decreasing brain blood levels of the 
compounds of the invention. To that end the P-gp inhibitor 
and the compounds of the invention can be administered at 
the same time, by the same or different route of adminis 
tration, or at different times. The important thing is not the 
time of administration but having an effective blood level of 
the P-gp inhibitor. 

Suitable P-gp inhibitors include cyclosporin A, Verapamil, 
tamoxifen, quinidine, Vitamin E-TGPS, ritonavir, megestrol 
acetate, progesterone, rapamycin, 10.11-methanodibenzo 
Suberane, phenothiazines, acridine derivatives such as 
GF120918, FK506, VX-710, LY335979, PSC-833, GF-102, 
918 and other steroids. It is to be understood that additional 
agents will be found that do the same function and are also 
considered to be useful. 
The P-gp inhibitors can be administered orally, parenter 

ally, (IV, IM, IM-depo, SQ, SQ-depo), topically, sublin 
gually, rectally, intranasally, intrathecally and by implant. 
The therapeutically effective amount of the P-gp inhibi 

tors is from about 0.1 to about 300 mg/kg/day, preferably 
about 0.1 to about 150 mg/kg daily. It is understood that 
while a patient may be started on one dose, that dose may 
have to be varied over time as the patient’s condition 
changes. 
When administered orally, the P-gp inhibitors can be 

administered in usual dosage forms for oral administration 
as is known to those skilled in the art. These dosage forms 
include the usual Solid unit dosage forms of tablets and 
capsules as as liquid dosage-forms such as solutions, Sus 
pensions and elixirs. When the solid dosage forms are used, 
it is preferred that they be of the sustained release type so 
that the P-gp inhibitors need to be administered only once or 
twice daily. The oral dosage forms are administered to the 
patient one thru four times daily. It is preferred that the P-gp 
inhibitors be administered either three or fewer times a day, 
more preferably once or twice daily. Hence, it is preferred 
that the P-gp inhibitors be administered in solid dosage form 
and further it is preferred that the solid dosage form be a 
Sustained release form which permits once or twice daily 
dosing. It is preferred that what ever dosage form is used, 
that it be designed so as to protect the P-gp inhibitors from 
the acidic environment of the stomach. Enteric coated tab 
lets are known to those skilled in the art. In addition, 
capsules filled with Small spheres each coated to protect 
from the acidic stomach, are also known to those skilled in 
the art. 

In addition, the P-gp inhibitors can be administered 
parenterally. When administered parenterally they can be 
administered IV. IM, depo-IM, SQ or depo-SQ. 
The P-gp inhibitors can be given sublingually. When 

given Sublingually, the P-gp inhibitors should be given one 
thru four times daily in the same amount as for IM admin 
istration. 
The P-gp inhibitors can be given intranasally. When given 

by this route of administration, the appropriate dosage forms 
are a nasal spray or dry powder as is known to those skilled 
in the art. The dosage of the P-gp inhibitors for intranasal 
administration is the same as for IM administration. 
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The P-gp inhibitors can be given intrathecally. When 

given by this route of administration the appropriate dosage 
form can be a parenteral dosage form as is known to those 
skilled in the art. 
The P-gp inhibitors can be given topically. When given by 

this route of administration, the appropriate dosage form is 
a cream, ointment or patch. Because of the amount of the 
P-gp inhibitors needed to be administered the patch is 
preferred. However, the amount that can be delivered by a 
patch is limited. Therefore, two or more patches may be 
required. The number and size of the patch is not important, 
what is important is that a therapeutically effective amount 
of the P-gp inhibitors be delivered as is known to those 
skilled in the art. 
The P-gp inhibitors can be administered rectally by Sup 

pository as is known to those skilled in the art. 
The P-gp inhibitors can be administered by implants as is 

known to those skilled in the art. 
There is nothing novel about the route of administration 

nor the dosage forms for administering the P-gp inhibitors. 
Given a particular P-gp inhibitor, and a desired dosage form, 
one skilled in the art would know how to prepare the 
appropriate dosage form for the P-gp inhibitor. 

It should be apparent to one skilled in the art that the exact 
dosage and frequency of administration will depend on the 
particular compound administered, the particular condition 
being treated, the severity of the condition being treated, the 
age, weight, general physical condition of the particular 
patient, other medication the individual may be taking as is 
known to those skilled in the art. 
The invention provides compounds, compositions, and 

methods for inhibiting beta-secretase enzyme activity and 
A-beta peptide production. Inhibition of beta-secretase 
enzyme activity halts or reduces the production of A-beta 
from APP and reduces or eliminates the formation of beta 
amyloid deposits in the brain. 
The invention provides compounds, compositions, kits, 

and methods for inhibiting beta-secretase enzyme activity 
and A-beta peptide production. Inhibition of beta-secretase 
enzyme activity halts or reduces the production of A-beta 
from APP and reduces or eliminates the formation of beta 
amyloid deposits in the brain. 
The invention provides compounds that are useful in 

treating and preventing Alzheimer's disease. The com 
pounds of the invention are made by methods known to 
those skilled in the art from starting materials either known 
to those skilled in the art, commercially available and/or that 
can be prepared readily using literature methods. The pro 
cess chemistry is known to those skilled in the art. A general 
process to prepare the compounds of formula X is set forth 
in SCHEME A. The chemistry is straight forward and in 
Summary involves the steps of N-protecting the amino acid 
(I) starting material to produce the corresponding protected 
amino acid (II), reaction of the protected amino acid (II) 
with diazomethane followed by work-up as described below 
to add a carbon atom to produce the corresponding protected 
compound (III), reduction of the protected halide to the 
corresponding alcohol (IV), formation of the corresponding 
epoxide (V), opening of the epoxide (V) with a C-terminal 
amine, R. NH (VI) to produce the corresponding pro 
tected alcohol (VII) which then has the nitrogen protecting 
group removed to produce the corresponding amine (VIII), 
which is then reacted with an amide forming agent Such as, 
for example, (R—)O or Ry—X or Ry—OH (IX) to 
produce the compounds of formula X. One skilled in the art 
will appreciate that these are all known reactions in organic 
chemistry. A chemist skilled in the art, knowing the chemical 



US 7,144,897 B2 
89 

structure of the biologically active substituted amine end 
product X of the invention would be able to prepare them by 
known methods from known starting materials without any 
additional information. The explanation below therefore is 
not necessary but is deemed helpful to those skilled in the art 
who desire to make the compounds of the invention. 

The backbone of the compounds of the invention can be 
considered a hydroxyethylamine moiety, —NH-CH(R)— 
CH(OH)—. It can be prepared by methods disclosed in the 
literature and known to those skilled in the art. For example, 
J. Med. Chem., 36,288-291 (1993), Tetrahedron Letters, 28, 
5569–5572 (1987), J. Med. Chem., 38,581–584 (1995) and 
Tetrahedron Letters, 38, 619–620 (1997) and WO 02/02506 
all disclose processes to prepare hydroxyethylamine type 
compounds and/or their intermediates. 
SCHEME A sets forth a general method used in the 

invention to prepare the appropriately substituted amines X. 
The compounds of the invention are prepared by starting 
with the corresponding amino acid (I). The amino acids (I) 
are known to those skilled in the art or can be readily 
prepared by methods known to those skilled in the art. The 
compounds of the invention have at least two chiral centers, 
which give 2 sets of diastereomers, each of which is racemic 
for a total of at least four stereoisomers. While biologically 
active end products result from all stereoisomers, the (S,R) 
configuration is prerred. The first of these chiral centers (the 
carbon carrying R) derives from the amino acid starting 
material (I). It is preferred to commercially obtain or pro 
duce the desired enantiomer rather than produce an enan 
tiomerically impure mixture and then have to separate out 
the desired enantiomer. Thus it is preferred to start the 
process with enantiomerically pure (S)-amino acid (I) of the 
same configuration as that of the desired X product. 

In Scheme A, the protection of free amine (I) to produce 
the (S)-protected amino acid (II) is depicted. Amino pro 
tecting groups are known to those skilled in the art. See for 
example, “Protecting Groups in Organic Synthesis”, John 
Wiley and sons, New York, N.Y., 1981, Chapter 7: “Pro 
tecting Groups in Organic Chemistry”. Plenum Press, New 
York, N.Y., 1973, Chapter 2. The function of the amino 
protecting group is to protect the free amino functionality 
(—NH) during subsequent reactions on the (S)-amino acid 
(I) which would not proceed either because the amino group 
would react and be functionalized in a way that is incon 
sistent with its need to be free for subsequent reactions or the 
free amino group would interfere in the reaction. When the 
amino protecting group is no longer needed, it is removed by 
methods known to those skilled in the art. By definition the 
amino protecting group must be readily removable as is 
known to those skilled in the art by methods known to those 
skilled in the art. Suitable amino PROTECTING GROUPS 
include t-butoxycarbonyl, benzyloxycarbonyl, formyl, trityl, 
phthalimido, trichloroacetyl, chloroacetyl, bromoacetyl, 
iodoacetyl, 4-phenylbenzyloxycarbonyl, 2-methylbenzy 
loxycarbonyl, 4-ethoxybenzyloxycarbonyl, 4-fluorobenzy 
loxycarbonyl, 4-chlorobenzyloxycarbonyl, 3-chlorobenzy 
loxycarbonyl, 2-chlorobenzyloxycarbonyl, 2,4- 
dichlorobenzyloxycarbonyl, 4-bromobenzyloxycarbonyl, 
3-bromobenzyloxycarbonyl, 4-nitrobenzyloxycarbonyl, 
4-cyanobenzyloxycarbonyl, 2-(4-xenyl)isopropoxycarbo 
nyl, 1,1-diphenyleth-1-yloxycarbonyl, 1,1-diphenylprop-1- 
yloxycarbonyl, 2-phenylprop-2-yloxycarbonyl, 2-(p-toluyl) 
prop-2-yloxycarbonyl, cyclopentanyloxycarbonyl, 
1-methylcycoopentanyloxycarbonyl, cyclohexanyloxycar 
bonyl, 1-methylcyclohexanyloxycabonyl, 2-methylcyclo 
hexanyloxycarbonyl, 2-(4-toluylsulfonyl)ethoxycarbonyl, 
2-(methylsulfonyl)ethoxycarbonyl, 2-(triphenylphosphino) 
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ethoxycarbonyl, fluorenylmethoxycarbonyl, 2-(trimethylsi 
lyl)ethoxycarbonyl, allyloxycarbonyl, 1-(trimethylsilylm 
ethyl)prop-1-enyloxycarbonyl, 
5-benzisoxalylmethoxycarbonyl, 4-acetoxybenzyloxycarbo 
nyl, 2.2.2-trichloroethoxycarbonyl, 2-ethynyl-2-propoxy 
carbonyl, cyclopropylmethoxycarbonyl, 4-(decyloxyl)ben 
Zyloxycarbonyl, isobrornyloxycarbonyl, 
1-piperidyloxycarbonyl, 9-fluoroenylmethyl carbonate, 
—CH-CH=CH, and phenyl-C(=N )—H. 

It is preferred that the protecting group be t-butoxycar 
bonyl (BOC) and/or benzyloxycarbony (CBZ), it is more 
preferred that the protecting group be t-butoxycarbonyl. One 
skilled in the art will understand the preferred methods of 
introducing a t-butoxycarbonyl or benzyloxycarbonyl pro 
tecting group and may additionally consult T. W. Green and 
P. G. M. Wuts in “Protective Groups in Organic Chemistry, 
John Wiley and Sons, 1991 for guidance. 
The (S)-protected amino acid (II) is transformed to the 

corresponding (S)-protected compound (III) by two different 
methods depending on nature of R and Rs. 
R and R can be the same or different. It is preferred that 

R and R both be —H. If R and R are not the same, an 
additional chiral or stereogenic center is added to the mol 
ecule. To produce compounds of formula (III) where R and 
R are both —H, the (S)-protected amino acid (II) is reacted 
with diazomethane, as is known to those skilled in the art, 
followed by reaction with a compound of the formula 
H X to produce the (S)-protected compound (III). X 
includes —Cl. —Br. —I, —O-tosylate, —O-mesylate, —O- 
nosylate and —O-brosylate. It is preferred that —X be 
—Br or —Cl. Suitable reaction conditions include running 
the reaction in inert solvents, such as but not limited to ether, 
tetrahydrofuran and the like. The reactions from the (S)- 
protected amino acid (II) to the (S)-protected compound (III) 
are carried out for a period of time between 10 minutes and 
1 day and at temperatures ranging from about -78° to about 
20–25°. It is preferred to conduct the reactions for a period 
of time between 1–4 hours and at temperatures between 
-30° to -10°. This process adds one methylene group. 

Alternatively, the (S)-protected compounds of formula 
(III) can be prepared by first converting the (S)-protected 
amino acid (II) to a corresponding methyl or ethyl ester, 
according to methods established in the art, followed by 
treatment with a reagent of formula X—C(R)(R)—X 
and a strong metal base. The base serves to affect a halogen 
metal exchange, where the —X undergoing exchange is a 
halogen selected from chlorine, bromine or iodine. The 
nucleophilic addition to the ester derivative gives directly 
the (S)-protected compound (III). Suitable bases include, but 
are not limited to the alkyllithiums including, for example, 
sec-butyllithium, n-butyllithium, and t-butyllithium. The 
reactions are preferably conducted at low temperature. Such 
as -78. Suitable reaction conditions include running the 
reaction in inert Solvents, such as but not limited to, ether, 
tetrahydrofuran and the like. Where R and R are both 
hydrogen, then examples of X-C(R)(R)—X include 
dibromomethane, diiodomethane, chloroiodomethane, bro 
moiodomethane and bromochloromethane. One skilled in 
the art knows the preferred conditions required to conduct 
this reaction. Furthermore, if R and/or R are not—H, then 
by the addition of C(R)(R) X to esters of the (S)- 
protected amino acid (II) to produce the (S)-protected com 
pound (III), an additional chiral center will be incorporated 
into the product, provided that R and R are not the same. 
The (S)-protected compound (III) is then reduced by 

means known to those skilled in the art for reduction of a 
ketone to the corresponding secondary alcohol affording the 
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corresponding alcohol (IV). The means and reaction condi 
tions for reducing the (S)-protected compound (III) to the 
corresponding alcohol (IV) include, for example, sodium 
borohydride, lithium borohydride, borane, diisobutylalumi 
num hydride, and lithium aluminium hydride. Sodium boro 
hydride is the preferred reducing agent. The reductions are 
carried out for a period of time between 1 hour and 3 days 
at temperatures ranging from -78° to elevated temperature 
up to the reflux point of the solvent employed. It is preferred 
to conduct the reduction between -78° and 0°. If borane is 
used, it may be employed as a complex, for example, 
borane-methyl sulfide complex, borane-piperidine complex, 
or borane-tetrahydrofuran complex. The preferred combina 
tion of reducing agents and reaction conditions needed are 
known to those skilled in the art, see for example, Larock, 
R. C. in Comprehensive Organic Transformations, VCH 
Publishers, 1989. The reduction of the (S)-protected com 
pound (III) to the corresponding alcohol (IV) produces the 
second chiral center (third chiral center if R and R are not 
the same). The reduction of the (S)-protected compound (III) 
produces a mixture of enantiomers at the second center, 
(SR/S)-alcohol (IV). This enantiomeric mixture is then 
separated by means known to those skilled in the art such as 
selective low-temperature recrystallization or chromato 
graphic separation, for example by HPLC, employing com 
mercially available chiral columns. The enantiomer that is 
used in the remainder of the process of SCHEME A is the 
(S,S)-alcohol (IV) since this enantiomer will give the 
desired biologically active anti-Alzheimer (S,R)-substituted 
amine X. 
The (S,S)-alcohol (IV) is transformed to the correspond 

ing epoxide (V) by means known to those skilled in the art. 
The stereochemistry of the (S)-(IV) center is maintained in 
forming the epoxide (V). A preferred means is by reaction 
with base, for example, but not limited to, hydroxide ion 
generated from Sodium hydroxide, potassium hydroxide, 
lithium hydroxide and the like. Reaction conditions include 
the use of C-C alcohol solvents; ethanol is preferred. A 
common co-solvent, such as for example, ethyl acetate may 
also be employed. Reactions are conducted at temperatures 
ranging from -45° up to the reflux temperature of the 
alcohol employed; preferred temperature ranges are between 
-20° and 40°. 
An alternative, and preferable process for preparing the 

epoxide (V) when R is 3,5-difluorobenzyl, is set forth in 
SCHEME. E. The first step of the process is to protect the 
free amino group of the (S)-amino acid (I) with an amino 
protecting group, PROTECTING GROUP, as previously 
discussed to produce the (S)-protected amino acid (II). 

In the alternative process, the (S)-protected amino acid (I) 
is transformed to the corresponding (S)-protected ester 
(XVII) in one of a number of ways. One method involves the 
use of lithium hydroxide. Using lithium hydroxide, the 
(S)-protected amino acid (I) and the lithium hydroxide are 
mixed and cooled to from about -20° to about 10°. Next a 
methylating agent, selected from the group consisting of 
dimethylsulfate, methyl iodide and methyl triflate, is added. 
It is more preferred that the methylating agent is dimethyl 
sulfate. This is followed by heating to from about 20° to 
about 50°. 

Alternatively, the (S)-protected amino acid (I) is con 
tacted with a weak base such as bicarbonate or preferably 
carbonate. This is followed by addition of the methylating 
agent. Heat is not necessary but can be used to facilitate the 
reaction. The carbonate method is known to those skilled in 
the art. For those (S)-protected esters (XVII) where Z is not 
methyl, one skilled in the art knowing the chemical structure 
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92 
would know how to prepare the desired compounds from 
known starting materials. In one known method the (S)- 
protected amino acid (I) is contacted with an activating 
agent, such as DCC, followed addition of the appropriate 
alcohol, Z-OH. This method is operable when Z is C-C, 
alkyl (optionally substituted), —CH2—CH=CH or phenyl 
(optionally substituted) 
SCHEME F and PREPARATIONS 10 and 11 Set forth an 

alternative process for the preparation of the ester (II). In the 
process of SCHEME F, the aldehyde (XX), which is known 
to those skilled in the art, is reacted with the phosphorous 
compound (XXI), where X is a good leaving group, to 
produce the olefin (XXI). The phosphorous compounds 
(XXI) are known to those skilled in the art. It is preferred 
that X is C-C alkyl; it is more preferred that X is C 
alkyl. The aldehyde (XX) and the phosphate (XXI) are 
combined in an organic solvent then cooled to about 0°. A 
base such as DBU or TMG is added and the contents of the 
reaction mixture are warmed to about 20–25° and stirred 
until the reaction is complete. Once the reaction is complete, 
it is preferred to separate the E- and Z-olefin isomers (XXII). 
The separation is done by methods known to those skilled in 
the art, Such as by silica gel chromatography. Next the olefin 
(XXII) is hydrogenated with a Suitable hydrogenation cata 
lyst to obtain the desired ester (II). Some hydrogenation 
reactions will give racemic ester (II). The desired stere 
ochemistry of the ester (II) is (S)- , and therefore it is 
preferable to use the Z-olefin (XXII) with a hydrogenation 
catalyst. It is preferred that the hydrogenation catalyst is a 
compound of the formula 

Rh(diene)LIX 
where Rh is rhodium; 
where diene is cyclootediene and nonbornadiene; 
where L is DIPMAP MeDuPhos, EtDuPhos, Binaphane, 

f-Binaphane, Me-KetalPhos, Me-f-KetalPhos, BINAP. 
DIOP, BPPFA, BPPM, CHIRAPHOS, PROPHOS, NOR 
PHOS, CYCLOPHOS, BDPP DEGPHOS, PNNP and 
where X is CIO, BF, CF, SO, Cl, Br, PF and 
SbF. It is preferred that the hydrogenation catalyst be 
either DIPMAP or EtDuPhos. Suitable solvents include 
polar solvents such as alcohols, preferably C-C alcohols 
and THF, more preferably methanol, ethanol, isopropanol 
and THF. The chiral hydrogenation is performed in a tem 
perature range of from about -20° to about reflux. It is 
preferred that the reaction be performed in the temperature 
range from about 0° to about room temperature (25°). The 
chiral hydrogenation is performed under a pressure of from 
about one atmosphere to about 100 psig; it is more preferred 
that the chiral hydrogenation be performed under a pressure 
of from about 10 psig to about 40 psig. 
The (S)-protected ester (II) is then transformed to the 

corresponding (S)-protected ketone (III) by reaction with a 
slight excess of a compound of the formula CHCIX' where 
X is —Brand —I in one of two different ways. In one 
process, no exogenous nucleophile is used. That process 
requires (1) the presence of three or more equivalents of 
strong base which has a pKa, of greater than about 30 
followed by (2) adding acid. The other process requires (1) 
the presence of about 2 to about 2.5 equivalents of strong 
base which has a pKa of greater than about 30, (2) contacting 
the mixture of step (1) with about 1 to about 1.5 equivalents 
of an exogenous nucleophile and (3) adding acid. Suitable 
strong bases are those which has a pKa of greater than about 
30. It is preferred that the strong base be selected from the 
group consisting of LDA, LiHMDS and KHMDS; it is more 
preferred that the strong base be LDA. Suitable acids are 
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those, which have a pk of less than about 10. It is preferred 
the acid be selected from the group consisting of acetic, 
Sulfuric, hydrochloric, citric, phosphoric and benzoic acids; 
it is more preferred that the acid be acetic acid. The preferred 
solvent for the process is THF. The reaction can be per 
formed in the temperature range from about -80° to about 
-50; it is preferred to perform the reaction in the tempera 
ture range of from about -75° to about -65. Suitable 
nucleophiles include alkyl lithium, aryl lithium, alkyl-Grig 
nard and aryl-Grignard reagents. It is preferred that the 
nucleophile be selected from the group consisting of phenyl 
lithium, n-butyl lithium, methyl magnesium bromide, 
methyl magnesium chloride, phenyl magnesium bromide, 
phenyl magnesium chloride; it is more preferred that the 
nucleophile be n-butyl lithium. PREPARATION 2 discloses 
the process with no nucleophile and PREPARATION 16 
discloses the process with an exogenous nucleophile. 
The (S)-protected ketone (III) is then reduced to the 

corresponding (S)-alcohol (IV) by means known to those 
skilled in the art for reduction of a ketone to the correspond 
ing secondary alcohol. The means and reaction conditions 
for reducing the (S)-protected compound (III) to the corre 
sponding alcohol (IV) include, for example, sodium boro 
hydride, lithium borohydride, borane, diisobutylaluminum 
hydride, zinc borohydride and lithium aluminium hydride. 
Sodium borohydride is the preferred reducing agent. The 
reductions are carried out for a period of time between about 
1 hour and about 3 days at temperatures ranging from about 
-78° to elevated temperature up to the reflux point of the 
solvent employed. It is preferred to conduct the reduction 
between about -78° and about 0°. If borane is used, it may 
be employed as a complex, for example, borane-methyl 
Sulfide complex, borane-piperidine complex, or borane 
tetrahydrofuran complex. The preferred combination of 
reducing agents and reaction conditions needed are known 
to those skilled in the art, see for example, Larock, R. C. in 
Comprehensive Organic Transformations, VCH Publishers, 
1989. The reduction of the (S)-protected compound (III) to 
the corresponding alcohol (IV) produces a second chiral 
center. The reduction of the (S)-protected compound (III) 
produces a mixture of diastereomers at the second center, 
(SR/S)-alcohol (IV). This diastereomeric mixture is then 
separated by means known to those skilled in the art such as 
selective low-temperature recrystallization or chromato 
graphic separation, most preferably by recrystallization or 
by employing commercially available chiral columns. The 
diastereomer that is used in the remainder of the process of 
SCHEMEA is the (S,S)-alcohol (IV) since this stereochem 
istry will give the desired epoxide (V). 
The alcohol (IV) is transformed to the corresponding 

epoxide (V) by means known to those skilled in the art. The 
stereochemistry of the (S)-(IV) center is maintained in 
forming the epoxide (V). A preferred means is by reaction 
with base, for example, but not limited to, hydroxide ion 
generated from Sodium hydroxide, potassium hydroxide, 
lithium hydroxide and the like. Reaction conditions include 
the use of C-C alcohol solvents; ethanol is preferred. A 
common co-solvent, such as for example, ethyl acetate may 
also be employed. Reactions are conducted at temperatures 
ranging from about -45° up to the reflux temperature of the 
alcohol employed; preferred temperature ranges are between 
about -20° and about 40°. The epoxide (V) is then reacted 
with the appropriately substituted C-terminal amine, 
R—NH. (VI) by means known to those skilled in the art 
which opens the epoxide to produce the desired correspond 
ing enantiomerically pure (S,R)-protected alcohol (VII). The 
substituted C-terminal amines, R. NH (VI) of this inven 
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tion are commercially available or are known to those 
skilled in the art and can be readily prepared from known 
compounds. It is preferred that when R is phenyl, it is 
substituted in the 3-position or 3.5-positions. 

Suitable reaction conditions for opening the epoxide (V) 
include running the reaction in a wide range of common and 
inert solvents. C-C alcohol solvents are preferred and 
isopropyl alcohol most preferred. The reactions can be run 
at temperatures ranging from 20–25° up to the reflux tem 
perature of the alcohol employed. The preferred temperature 
range for conducting the reaction is between 50° up to the 
reflux temperature of the alcohol employed. When the 
substituted C-terminal amine (VI) is a 1-amino-3,5-cis-dim 
ethyl cyclohexyldicarboxylate it is preferably prepared as 
follows. To dimethyl-5-isophthalate in acetic acid and 
methanol, is added rhodium in alumina in a high-pressure 
bottle. The bottle is saturated with hydrogen at 55 psi and 
shaken for one week of time. The mixture is then filtered 
through a thick layer of celite cake and rinsed with methanol 
three times, the solvents are removed under reduced pressure 
(with heat) to give a concentrate. The concentrate is tritu 
rated with ether and filtered again to give the desired 
C-terminal amine (VI). When the substituted C-terminal 
amine (VI) is 1-amino-3.5-cis-dimethoxy cyclohexane it is 
preferably following the general procedure above and mak 
ing non-critical variations but starting with 3.5-dimethoxya 
niline. 
When the substituted C-terminal amine (VI) is an ami 

nomethyl group where the Substituent on the methyl group 
is an aryl group, for example NH CH-aryl, is not com 
mercially available it is preferably prepared as follows. A 
suitable starting material is the (appropriately substituted) 
aralkyl compound. The first step is bromination of the alkyl 
substituent via methods known to those skilled in the art, see 
for example R. C. Larock in Comprehensive Organic Trans 
formations, VCH Publishers, 1989, p. 313. Next the alkyl 
halide is reacted with azide to produce the aryl-(alkyl)-azide. 
Last the azide is reduced to the corresponding amine by 
hydrogen/catalyst to give the C-terminal amine (VI) of 
formula NH, CH. R. 
SCHEME B discloses an alternative process for produc 

tion of the enantiomerically pure (S,R)-protected alcohol 
(VII) from the (S)-protected compound (III). In the alterna 
tive process, the (S)-protected compound (III) is first reacted 
with the appropriately substituted C-terminal amine 
R—NH. (VI) using the preferred conditions described 
above to produce the corresponding (S)-protected ketone 
(XI) which is then reduced using the preferred conditions 
described above to produce the corresponding (S,R)-pro 
tected alcohol (VII). 
SCHEME C discloses another alternative process for 

production of enantiomerically pure (S,R)-protected alcohol 
(VII) but this time from the epoxide (V). In the process of 
SCHEME C, the epoxide (V) is reacted with azide to 
produce the corresponding enantiomerically pure (S,R)- 
protected azide (XII). Conditions to conduct the azide medi 
ated epoxide opening are known to those skilled in the art, 
see for example, J. March, Advanced Organic Chemistry, 3" 
Edition, John Wiley & Sons Publishers, 1985, p. 380. Next, 
the (S,R)-protected azide (XII) is reduced to the correspond 
ing protected amine (XIII) by methods known to those 
skilled in the art. Preferred reducing conditions to reduce the 
(S,R)-protected azide (XII) in the presence of a t-butoxy 
carbonyl N-protecting group include catalytic hydrogena 
tion, the conditions for which are known to those skilled in 
the art. Alternative reducing conditions which may be used 
to avoid N-deprotection with protecting groups other than 



US 7,144,897 B2 
95 

t-butoxycarbonyl are known to those skilled in the art, see 
for example, R. C. Larock in Comprehensive Organic Trans 
formations, VCH Publishers, 1989, p. 409. 
The (S,R)-protected alcohol (VII) is deprotected to the 

corresponding (S,R)-amine (VIII) by means known to those 
skilled in the art for removal of amine protecting group. 
Suitable means for removal of the amine protecting group 
depends on the nature of the protecting group. Those skilled 
in the art, knowing the nature of a specific protecting group, 
know which reagent is preferable for its removal. For 
example, it is preferred to remove the preferred protecting 
group, BOC, by dissolving the (S,R)-protected alcohol (VII) 
in a trifluoroacetic acid/dichloromethane (1/1) mixture. 
When complete, the solvents are removed under reduced 
pressure to give the corresponding (S,R)-amine (as the 
corresponding salt, i.e. trifluoroacetic acid salt) which is 
used without further purification. However, if desired, the 
(S,R)-amine can be purified further by means known to 
those skilled in the art, Such as for example, recrystalliza 
tion. Further, if the non-salt form is desired that also can be 
obtained by means known to those skilled in the art, such as 
for example, preparing the free base amine via treatment of 
the salt with mild basic conditions. Additional BOC depro 
tection conditions and deprotection conditions for other 
protecting groups can be found in T. W. Green and P. G. M. 
Wuts in “Protective Groups in Organic Chemistry, John 
Wiley and Sons, 1991, p. 309. Suitable chemically suitable 
salts include trifluoroacetate, and the anion of mineral acids 
such as chloride, sulfate, phosphate; preferred is trifluoro 
acetate. 

The (S,R)-amine (VIII) is then reacted with an appropri 
ately substituted amide forming agent (IX) such as, for 
example, an anhydride, acyl halide, or acid of the formulas 
(R)-O or RX or R.OH (IX) respectively, by means known 
to those skilled in the art to produce the corresponding 
(S,R)-substituted amine X. Nitrogen acylation conditions for 
reaction of the (S,R)-amine (VIII) with an amide forming 
agent (IX) to produce the corresponding (S,R)-substituted 
amine X are known to those skilled in the art and can be 
found in R. C. Larock in Comprehensive Organic Transfor 
mations, VCH Publishers, 1989, p. 981, 979, and 972. 
The nitrogen-acylation of primary amines to produce 

secondary amides is a known reaction. Amide forming 
agents, (R).O., RX, and RMOH (IX) (which are acid 
anhydrides, acid halides and acids respectively) are known 
to those skilled in the art and are commercially available or 
can be readily prepared from known starting materials by 
methods known in the literature. 
SCHEME D sets forth an alternative processes for pro 

duction of the (S,R)-substituted amine X from the (S,R)- 
protected azide (XII), which is produced from the corre 
sponding epoxide (V) in SCHEME C. The amino protecting 
group is removed to produce the corresponding unprotected 
azide (XIV) by methods previously described in SCHEME 
A for the conversion of (S,R)-protected alcohol (VII) to the 
corresponding (S,R)-amine (VIII). The (S,R)-unprotected 
azide (XIV) is then acylated on nitrogen to produce the 
corresponding (S,R)-azide (XV). Next, the azide function 
ality is reduced as previously discussed for the conversion of 
the (S,R)-protected azide (XII) to the corresponding (S,R)- 
protected amine (XIII) to give the (S,R)-free amine (XVI). 
Last, the (S,R)-free amine (XVI) is transformed to the 
corresponding (S,R)-substituted amine X by nitrogen alky 
lation with a compound of the formula R-X to give the 
corresponding (S,R)-substituted amine X. X is an appro 
priate leaving group, Such as but not limited to. —Cl. —Br. 
—I, —O-mesylate, —O-tosylate, O-triflate, etc. X may also 
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be an aldehyde; the corresponding coupling with (XVI) via 
the known reductive amination procedure gives the (S,R)- 
substituted amine X. 
SCHEME G discloses an alternative, and preferable, 

process for preparing the Substituted amines X from the 
corresponding protected alcohol (VII). The corresponding 
protected alcohol (VII) which then has the unprotected 
amino group protected with an amino PROTECTING 
GROUP, as previously discussed, to form the diprotected 
diamine (XXXIV). The diprotected diamine (XXXIV) has 
the protecting group at the N-terminal end then removed, as 
previously discussed, to form the monoprotected diamine 
(XXXV) which is then reacted with an amide forming agent 
(IX), as discussed above to produce the coupled product 
(XXXVI). Upon removal of the remaining protecting group 
from the coupled product (XXXVI), the desired (S,R)- 
substituted amine X is produced. 
SCHEME H discloses a process for the preparation of a 

racemic amide forming agent (IX-XLI) where for R, R is 
—NH-Ra, n, is 0; X is —CH2—, Z is either —SO— or 
—SO and ultimately the substituted amines (X-XLV) 
and (X-XLVI). The process of SCHEME H begins with the 
alcohol (XXXVII) where X is C-C alkyl or phenyl. The 
alcohol (XXXVII) has the alcohol group converted to a good 
LEAVING GROUP which includes tosylate, mesylate, 
nosylate and other groups known to those skilled in the art 
as “leaving groups” to produce the LEAVING GROUP 
alcohol compound (XXXVIII). The LEAVING GROUP is 
replaced by the group Y—S—by reaction with a mercaptain 
to prepare the thiol ether (XXXIX) by means known to those 
skilled in the art. The thiol ether (XXXIX) is then converted 
to the corresponding sulfone acid (XL) by hydrolysis of the 
ester group. The thiol acid is then oxidized to the corre 
sponding sulfone acid (XLI). Should it be desired that Z be 
—SO— rather than —SO , only one equivalent of oxi 
dizing agent, rather than two equivalents, is used to produce 
the sulfoxide ( SO ) rather then the sulfone ( -SO ) as 
is known to those skilled in the art. Since the remainder of 
the process chemistry for SCHEMEH is the same regardless 
of whether Z is —SO or —SO for simplicity, only 
—SO will be illustrated and referred to. However, the 
explaination is equally relevant for —SO—as is apparent to 
one skilled in the art. Next, the sulfone acid (XLI) is reacted 
with the monoprotected diamine (XXXV of SCHEMEG) to 
produce the diprotected coupled intermediate (XLII). The 
diprotected coupled product (XLII) then has the PROTECT 
ING GROUP on the R group (preferably BOC) selectively 
removed to give the monoprotected compound (XLIII). This 
Selective removal of a PROTECTING GROUP is known to 
those skilled in the art and is referred to as “orthonigally 
protected’. The monoprotected compound (XLIII) then can 
be slectively deprotected to give the corresponding —NH 
R. To give the corresponding amine Substituted interme 
diate (XLIV). The amine substituted intermediate (XLIV) is 
then has the remaining PROTECTING GROUP (preferrably 
CBZ) removed by hydrogenation to give the substituted 
amine (X-XLV). Alternatively, the diprotected coupled 
intermediate (XLII) can have both PROTECTING 
GROUPS removed to produce the corresponding sulfone 
Substituted amine (X-XLVI) by heating in a strong acid Such 
as hydrochloric acid. 
SCHEME I discloses a process for the preparation of 

enantiomerically pure thiol acid (XLIX) whereas SCHEME 
H disclosed a process to produce racemic thiol acid (XL). 
The stereoselective process of SCHEME I begins with the 
optically pure acid (XLVII) which is coverted to the lactone 
(XLVIII) by Mitsunobu dehydration. The lactone (XLVII) is 
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converted to the corresponding optically pure thiol (XLIX) 
by reaction of the thiol with sodium hydride in THF. The 
optically pure thiol (XLIX) is then oxidized as explained in 
SCHEME H to produce the corresponding sulfoxide 
( SO ) or sulfone ( -SO ). As with SCHEME H, only 
the sulfone has been carried thru by exemplification. How 
ever, the exact same process chemisty would be used to 
prepare the corresponding Sulfoxide Substitutes amines 
(X-LIV) as was explained with regards to SCHEME H. 
SCHEME J discloses a process for the preparation of 

substituted amines X where in the variable substitutent R. 
R is (III), —(CH) R, where only one methylene 
group is present and R is (G) giving for R. —CH2—CO— 
NR,R or (M) —CH CO OH. The process of 
SCHEME J begins with the cyclic compound (LV) which is 
opened by the appropriate alcohol, as is known to those 
skilled in the art, to give the olefin acid (LVI) where X is 
as defined above. The olefin acid (LVI) is then transformed 
to the corresponding diester, preferably the activated ester 
(LVII) by means known to those skilled in the art. Next the 
Y S group is added to the double bond producing the 
thiol ester (LVIII) by Michael reaction with the appropriate 
thiol in methanol with triethylamine. The thiol ester (LVIII) 
is then converted to the corresponding acid and then reacted 
with the appropriate amine (VIII) to produce the protected 
thiol (LIX) as previously explained. This diester (LVIII) can 
be selectively coupled with the amine to give the protected 
sulfide ester (LIX). This sulfide ester (LIX) can be hydro 
lyzed under standard conditions (lithium hydroxide/THF/ 
water) to give the sulfide acid (LX). Oxidation of the sulfide 
acid (LX) to the sulfoxide or sulfone is performed as 
previously stated to give the protected sulfone acid (LXI). If 
desired, the protected sulfone acid (LXI) can be converted to 
an amide by simple peptide coupling with the desired amine 
to give the sulfone amide (LXII). The sulfone amide (LXII) 
illustrates the methylamine. Simple deprotection of the R, 
protecting group with an appropriate deprotecting agent is 
know by one skilled in the art and gives the sulfone-amide 
substituted amine (X-LXIII). 
SCHEME K discloses an alternative and preferred pro 

cess to transform the cyclic compound (LV) to the corre 
sponding protected Sulfone acid (LXI). The process of 
SCHEMEK replaces the X protecting group with a specific 
protecting group p-methoxybenzyl. The advantage of this 
group is that it, as as the PROTECTING GROUP on the 
amine nitrogen, both can be removed in one step, by 
hydrogenation, when the PROTECTING GROUP is CBZ. 

Scheme L discloses a process to prepare aminomethylene 
derivatives. The allylic halide (LXXI), preferably bromide, 
is reacted with a protected amine like phthalimide to give the 
N-protected amino acrylate (LXXII). The acrylate (LXXII) 
is reacted with the appropriate thiol, as previously described, 
to give the Michael product (LXXIII). Base hydrolysis of the 
sulfide ester (LXXIII) gives the acid (LXXIV) which is 
reacted with the amine (IX) as previously described to give 
the orthogonally protected compound (LXXV). The protect 
ing group is removed from the protected compound (LXXV) 
with hydrazine to give the free amine (LXXVI) which is 
either acylated, X is —C(O)R to give an amide, or reacted 
with a mixed carbonate, X is —C(O)OR to give a carbamate 
(LXXVII). The sulfide (LXXVII) is oxidized as previously 
described to give the protected sulfone (LXXVIII). Simple 
de-protection of the protected sulfone (LXXVIII), as previ 
ously described, gives the target Sulfone Substituted amine 
(X-LXXIX). 
Scheme M discloses the preparation of a series of racemic 

substituted alpha amino sulfones while Scheme N discloses 
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the preparation of the active enantiomer. In SCHEMEM, the 
first step discloses the Michael reaction of an appropriate 
thiol with a protected dehydroalanine methyl ester (LXXX) 
to give the thio compound (LXXXI). Oxidiation as previ 
ously described gives the corresponding sulfone (LXXXII). 
Hydrolysis of the ester group and amino protecting group, 
such as acetate (-CO-CH-) can be accomplished with 
strong acid, such as 6N hydrochloric acid—acetic acid at 
elevated temperature, to give the free amino acid hydrochlo 
ride salt (LXXXIII). Amino acid (LXXXIII) is reacted, as 
the free amine or salt, with the appropriate protecting group 
(preferably either CBZ or BOC) to give the protected amine 
(IX-LXXXIV). Standard peptide coupling of the protected 
amine (IX-LXXXIV) preferentially gives the protected sul 
fone (LXXXV) which is orthogonally protected to give the 
diprotected sulfone (LXXXVI). Selective removal of the R 
protecting group gives the monoprotected Sulfone (LXXX 
VII). This monoprotected sulfone (LXXXVII) can be con 
verted as previously described, into amides, carbamates and 
also into ureas (by reaction of the amine with the appropriate 
isocyanide) and into Sulfonamides by reaction with the 
appropriate sulfonyl chlorides. The final step is removal of 
the R protecting group to give the corresponding desired 
amide (X-LXXXIX). SCHEMEN is identical to SCHEME 
M except it discloses that one can seprate the isomers of 
(IX-LXXXIV) either by chemical, enzymatic or by chiral 
chromatography to yield the single isomer acid (XC) which 
is transformed to final product (X-XCV) as described 
above. 
Scheme O illustrates several alcohols that can be used to 

prepare the carbamates of the instant invention. 
Scheme P illustrates one method for preparing the com 

pounds of the invention, starting with an enantiomerically 
enriched amino acid. One of ordinary skill in the art will 
readily recognize that the method described in Scheme P is 
equally as useful for preparing compounds with the opposite 
Stereochemistry or for preparing racemic compounds. 

In Scheme P. cysteine is alkylated using a base an an 
alkylating agent. One of ordinary skill in the art will readily 
recognize that other amino acids and other methods for 
generating the thiother can be used. The free amine is then 
converted into a carbamate using a chloroformate. One of 
skill in the art will readily recognize that the free amine may 
be converted into an amide, alkylated, Sulfonylated, or 
protected rather than being converted into an carbamate. The 
carbamate nitrogen can optionally be alkylated using a base 
and an alkylating agent to generate a tertiary nitrogen. In 
Scheme P, the carbamate nitrogen is alkylated with a base 
and an alkyl halide. 
The carboxyl moiety of the starting amino acid is then 

reacted with an amino compound to generate the coupled 
compound. The amino compound can be achiral, a single 
enantionmer, racemic or a mixture of diastereomers. The 
coupled product may be further manipulated to convert the 
thiol into a sulfoxide, which can then be converted into a 
sulfone or the thiol can be directly converted into a sulfone. 
Other groups in the coupled product can, if desired, be 
manipulated using methods known in the art of organic 
synthesis. For example, nitrogens can be alkylated, acylated 
or sulfonylated. Alcohols can be converted into esters or 
oxidized into aldehydes or acids. Aryl groups can be acy 
lated and halides can be coupled. 
One skilled in the art will appreciate that these are all 

known reactions in organic chemistry. A chemist skilled in 
the art, knowing the chemical structure of the biologically 
active end product X of the invention would be able to 
prepare them by known methods from known starting mate 
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rials without any additional information. The explanation 
below therefore is not necessary but is deemed helpful to 
those skilled in the art who desire to make the compounds 
of the invention. 

The backbone of the compounds of the invention is a 
hydroxyethylamine moiety, NH-CH(R)-CH(OH)—. 
It can be readily prepared by methods disclosed in the 
literature and known to those skilled in the art. For example, 
J. Med. Chem., 36,288-291 (1993), Tetrahedron Letters, 28, 
5569–5572 (1987), J. Med. Chem., 38,581–584 (1995) and 
Tetrahedron Letters, 38,619–620 (1997), and WO 02/02506 
all disclose processes to prepare hydroxyethylamine type 
compounds and/or their intermediates. 
The compounds of the invention may contain geometric 

or optical isomers as as tautomers. Thus, the invention 
includes all tautomers and pure geometric isomers, such as 
the E and Z geometric isomers, as as mixtures thereof. 
Further, the invention includes pure enantiomers and dias 
tereomers as as mixtures thereof, including racemic mix 
tures. The individual geometric isomers, enantiomers or 
diastereomers may be prepared or isolated by methods 
known to those skilled in the art, including but not limited 
to chiral chromatography; preparing diastereomers, separat 
ing the diastereomers and converting the diastereomers into 
enantiomers through the use of a chiral resolving agent. 
Compounds of the invention with the stereochemistry 

designated in formula X can be included in mixtures, 
including racemic mixtures, with other enantiomers, diaste 
reomers, geometric isomers or tautomers. Compounds of the 
invention with the (S,R) stereochemistry are typically 
present in these mixtures in excess of 50 percent. Preferably, 
compounds of the invention with the stereochemistry des 
ignated in formula X are present in these mixtures in excess 
of 80 percent. More preferably, compounds of the invention 
with the Stereochemistry designated in formula X are present 
in these mixtures in excess of 90 percent. Even more 
preferably, compounds of the invention with the stere 
ochemistry designated in formula X are present in these 
mixtures in excess of 99 percent. 
Where the compounds of formula X are amines, they form 

salts when reacted with acids. Pharmaceutically acceptable 
salts are preferred over the corresponding free amines since 
they produce compounds which are generally more water 
soluble, stable and/or more crystalline. Pharmaceutically 
acceptable salts are any salt which retains the activity of the 
parent compound and does not impart any deleterious or 
undesirable effect on the subject to whom it is administered 
and in the context in which it is administered. Pharmaceu 
tically acceptable salts include salts of both inorganic and 
organic acids. The preferred pharmaceutically acceptable 
salts include salts of the following acids acetic, aspartic, 
benzenesulfonic, benzoic, bicarbonic, bisulfuric, bitartaric, 
butyric, calcium edetate, camsylic, carbonic, chlorobenzoic, 
citric, edetic, edisylic, estolic, esyl, esylic, formic, fumaric, 
gluceptic, gluconic, glutamic, glycolylarsanilic, hexamic, 
hexylresorcinoic, hydrabamic, hydrobromic, hydrochloric, 
hydroiodic, hydroxynaphthoic, isethionic, lactic, lacto 
bionic, maleic, malic, malonic, mandelic, methanesulfonic, 
methylnitric, methylsulfuric, mucic, muconic, napsylic, 
nitric, oxalic, p-nitromethanesulfonic, pamoic, pantothenic, 
phosphoric, monohydrogen phosphoric, dihydrogen phos 
phoric, phthalic, polygalactouronic, propionic, Salicylic, 
Stearic. Succinic, succinic, Sulfamic, Sulfanilic, Sulfonic, 
Sulfuric, tannic, tartaric, teoclic and toluenesulfonic. For 
other acceptable salts, see Int. J. Pharm., 33, 201–217 
(1986) and J. Pharm. Sci., 66(1), 1, (1977). 
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Inhibition of APP Cleavage 
The compounds of the invention are believed to inhibit 

cleavage of APP between Met595 and Asp596 numbered for 
the APP695 isoform, or a mutant thereof, or at a correspond 
ing site of a different isoform, such as APP751 or APP770, 
or a mutant thereof (sometimes referred to as the “beta 
secretase site'. While not wishing to be bound by a particu 
lar theory, inhibition of beta-secretase activity is thought to 
inhibit production of beta amyloid peptide (A-beta). Inhibi 
tory activity is demonstrated in one of a variety of inhibition 
assays, whereby cleavage of an APP substrate in the pres 
ence of a beta-secretase enzyme is analyzed in the presence 
of the inhibitory compound, under conditions normally 
Sufficient to result in cleavage at the beta-secretase cleavage 
site. Reduction of APP cleavage at the beta-secretase cleav 
age site compared with an untreated or inactive control is 
correlated with inhibitory activity. Assay systems that can be 
used to demonstrate efficacy of the compound inhibitors of 
the invention are known. Representative assay systems are 
described, for example, in U.S. Pat. Nos. 5,942,400, 5,744, 
346, as as in the Examples below. 
The enzymatic activity of beta-secretase and the produc 

tion of A-beta can be analyzed in vitro or in vivo, using 
natural, mutated, and/or synthetic APP substrates, natural, 
mutated, and/or synthetic enzyme, and the test compound. 
The analysis may involve primary or secondary cells 
expressing native, mutant, and/or synthetic APP and 
enzyme, or may utilize transgenic animal models expressing 
the Substrate and enzyme. Detection of enzymatic activity 
can be by analysis of one or more of the cleavage products, 
for example, by immunoassay, flurometric or chromogenic 
assay, HPLC, or other means of detection. Inhibitory com 
pounds are determined as those having the ability to 
decrease the amount of beta-secretase cleavage product 
produced in comparison to a control, where beta-secretase 
mediated cleavage in the reaction system is observed and 
measured in the absence of inhibitory compounds. 
Beta-secretase 

Various forms of beta-secretase enzyme are known, and 
are available and useful for assay of enzyme activity and 
inhibition of enzyme activity. These include native, recom 
binant, and synthetic forms of the enzyme. Human beta 
secretase is known as Beta Site APP Cleaving Enzyme 
(BACE), Asp2, and memapsin 2, and has been character 
ized, for example, in U.S. Pat. No. 5,744,346 and published 
PCT patent applications WO98/22597, WO00/03819, 
WO01/23533, and WO00/17369, as as in literature publi 
cations (Hussain et al., 1999, Mol. Cell. Neurosci. 
14:419–427; Vassaret.al., 1999, Science 286:735-741; Yan 
et.al., 1999, Nature 402:533–537; Sinha et al., 1999, Nature 
40:537-540; and Lin et al., 2000, PNAS USA 
97:1456–1460). Synthetic forms of the enzyme have also 
been described (WO98/22597 and WO00/17369). Beta 
secretase can be extracted and purified from human brain 
tissue and can be produced in cells, for example mammalian 
cells expressing recombinant enzyme. 

Preferred compounds are effective to inhibit 50% of 
beta-secretase enzymatic activity at a concentration of less 
than about 50 micromolar, preferably at a concentration of 
less than about 10 micromolar, more preferably less than 
about 1 micromolar, and most preferably less than about 10 
nanomolar. 

APP Substrate 
Assays that demonstrate inhibition of beta-secretase-me 

diated cleavage of APP can utilize any of the known forms 
of APP, including the 695 amino acid “normal isotype 
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described by Kang et al., 1987, Nature 325:733–6, the 770 
amino acid isotype described by Kitaguchi et al., 1981, 
Nature 331:530-532, and variants such as the Swedish 
Mutation (KM670-1NL) (APP-SW), the London Mutation 
(V7176F), and others. See, for example, U.S. Pat. No. 
5,766,846 and also Hardy, 1992, Nature Genet. 1:233–234, 
for a review of known variant mutations. Additional useful 
Substrates include the dibasic amino acid modification, 
APP-KK disclosed, for example, in WO 00/17369, frag 
ments of APP, and synthetic peptides containing the 0-secre 
tase cleavage site, wild type (WT) or mutated form, e.g., 
SW, as described, for example, in U.S. Pat. No. 5,942,400 
and WOOO/O3819. 
The APP substrate contains the beta-secretase cleavage 

site of APP (KM-DA or NL-DA) for example, a complete 
APP peptide or variant, an APP fragment, a recombinant or 
synthetic APP, or a fusion peptide. Preferably, the fusion 
peptide includes the beta-secretase cleavage site fused to a 
peptide having a moiety useful for enzymatic assay, for 
example, having isolation and/or detection properties. A 
useful moiety may be an antigenic epitope for antibody 
binding, a label or other detection moiety, a binding Sub 
strate, and the like. 
Antibodies 

Products characteristic of APP cleavage can be measured 
by immunoassay using various antibodies, as described, for 
example, in Pirttila et al., 1999, Neuro. Lett. 249:21–4, and 
in U.S. Pat. No. 5,612,486. Useful antibodies to detect 
A-beta include, for example, the monoclonal antibody 6E 10 
(Senetek, St. Louis, Mo.) that specifically recognizes an 
epitope on amino acids 1-16 of the A-beta peptide; anti 
bodies 162 and 164 (New York State Institute for Basic 
Research, Staten Island, N.Y.) that are specific for human 
A-beta 1-40 and 1–42, respectively; and antibodies that 
recognize the junction region of beta-amyloid peptide, the 
site between residues 16 and 17, as described in U.S. Pat. 
No. 5.593,846. Antibodies raised against a synthetic peptide 
of residues 591 to 596 of APP and SW 192 antibody raised 
against 590–596 of the Swedish mutation are also useful in 
immunoassay of APP and its cleavage products, as described 
in U.S. Pat. Nos. 5,604,102 and 5,721,130 
Assay Systems 

Assays for determining APP cleavage at the beta-secre 
tase cleavage site are known in the art. Exemplary assays, 
are described, for example, in U.S. Pat. Nos. 5,744,346 and 
5.942,400, and described in the Examples below. 
Cell Free Assays 

Exemplary assays that can be used to demonstrate the 
inhibitory activity of the compounds of the invention are 
described, for example, in WO00/17369, WO 00/03819, and 
U.S. Pat. Nos. 5,942,400 and 5,744,346. Such assays can be 
performed in cell-free incubations or in cellular incubations 
using cells expressing a beta-secretase and an APP Substrate 
having a beta-secretase cleavage site. 
An APP Substrate containing the beat-secretase cleavage 

site of APP, for example, a complete APP or variant, an APP 
fragment, or a recombinant or synthetic APP substrate 
containing the amino acid sequence: KM-DA or NL-DA, is 
incubated in the presence of beta-secretase enzyme, a frag 
ment thereof, or a synthetic or recombinant polypeptide 
variant having beta-secretase activity and effective to cleave 
the beta-secretase cleavage site of APP under incubation 
conditions suitable for the cleavage activity of the enzyme. 
Suitable substrates optionally include derivatives that may 
be fusion proteins or peptides that contain the Substrate 
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peptide and a modification useful to facilitate the purifica 
tion or detection of the peptide or its beta-secretase cleavage 
products. Useful modifications include the insertion of a 
known antigenic epitope for antibody binding; the linking of 
a label or detectable moiety, the linking of a binding 
substrate, and the like. 

Suitable incubation conditions for a cell-free in vitro 
assay include, for example: approximately 200 nanomolar to 
10 micromolar substrate, approximately 10 to 200 picomolar 
enzyme, and approximately 0.1 nanomolar to 10 micromolar 
inhibitor compound, in aqueous solution, at an approximate 
pH of 4–7, at approximately 37 degrees C., for a time period 
of approximately 10 minutes to 3 hours. These incubation 
conditions are exemplary only, and can be varied as required 
for the particular assay components and/or desired measure 
ment system. Optimization of the incubation conditions for 
the particular assay components should account for the 
specific beta-secretase enzyme used and its pH optimum, 
any additional enzymes and/or markers that might be used in 
the assay, and the like. Such optimization is routine and will 
not require undue experimentation. 
One useful assay utilizes a fusion peptide having maltose 

binding protein (MBP) fused to the C-terminal 125 amino 
acids of APP-SW. The MBP portion is captured on an assay 
substrate by anti-MBP capture antibody. Incubation of the 
captured fusion protein in the presence of beta-secretase 
results in cleavage of the Substrate at the beta-secretase 
cleavage site. Analysis of the cleavage activity can be, for 
example, by immunoassay of cleavage products. One Such 
immunoassay detects a unique epitope exposed at the car 
boxy terminus of the cleaved fusion protein, for example, 
using the antibody SW 192. This assay is described, for 
example, in U.S. Pat. No. 5,942,400. 
Cellular Assay 
Numerous cell-based assays can be used to analyze beta 

secretase activity and/or processing of APP to release 
A-beta. Contact of an APP substrate with a beta-secretase 
enzyme within the cell and in the presence or absence of a 
compound inhibitor of the invention can be used to dem 
onstrate beta-secretase inhibitory activity of the compound. 
Preferably, assay in the presence of a useful inhibitory 
compound provides at least about 30%, most preferably at 
least about 50% inhibition of the enzymatic activity, as 
compared with a non-inhibited control. 

In one embodiment, cells that naturally express beta 
secretase are used. Alternatively, cells are modified to 
express a recombinant beta-secretase or synthetic variant 
enzyme as discussed above. The APP substrate may be 
added to the culture medium is preferably expressed in the 
cells. Cells that naturally express APP, variant or mutant 
forms of APP, or cells transformed to express an isoform of 
APP mutant or variant APP recombinant or synthetic APP. 
APP fragment, or synthetic APP peptide or fusion protein 
containing the beta-secretase APP cleavage site can be used, 
provided that the expressed APP is permitted to contact the 
enzyme and enzymatic cleavage activity can be analyzed. 
Human cell lines that normally process A-beta from APP 

provide a useful means to assay inhibitory activities of the 
compounds of the invention. Production and release of 
A-beta and/or other cleavage products into the culture 
medium can be measured, for example by immunoassay, 
such as Western blot or enzyme-linked immunoassay (EIA) 
such as by ELISA. 

Cells expressing an APP substrate and an active beta 
secretase can be incubated in the presence of a compound 
inhibitor to demonstrate inhibition of enzymatic activity as 
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compared with a control. Activity of beta-secretase can be 
measured by analysis of one or more cleavage products of 
the APP substrate. For example, inhibition of beta-secretase 
activity against the substrate APP would be expected to 
decrease release of specific beta-secretase induced APP 
cleavage products Such as A-beta. 

Although both neural and non-neural cells process and 
release A-beta, levels of endogenous beta-secretase activity 
are low and often difficult to detect by EIA. The use of cell 
types known to have enhanced beta-secretase activity, 
enhanced processing of APP to A-beta, and/or enhanced 
production of A-beta are therefore preferred. For example, 
transfection of cells with the Swedish Mutant form of APP 
(APP-SW); with APP-KK; or with APP-SW-KK provides 
cells having enhanced 0-secretase activity and producing 
amounts of A-beta that can be readily measured. 

In Such assays, for example, the cells expressing APP and 
beta-secretase are incubated in a culture medium under 
conditions suitable for beta-secretase enzymatic activity at 
its cleavage site on the APP substrate. On exposure of the 
cells to the compound inhibitor, the amount of A-beta 
released into the medium and/or the amount of CTF99 
fragments of APP in the cell lysates is reduced as compared 
with the control. The cleavage products of APP can be 
analyzed, for example, by immune reactions with specific 
antibodies, as discussed above. 

Preferred cells for analysis of beta-secretase activity 
include primary human neuronal cells, primary transgenic 
animal neuronal cells where the transgene is APP and other 
cells such as those of a stable 293 cell line expressing APP. 
for example, APP-SW. 
In vivo Assays: Animal Models 

Various animal models can be used to analyze beta 
secretase activity and/or processing of APP to release 
A-beta, as described above. For example, transgenic animals 
expressing APP Substrate and beta-secretase enzyme can be 
used to demonstrate inhibitory activity of the compounds of 
the invention. Certain transgenic animal models have been 
described, for example, in U.S. Pat. Nos. 5,877,399; 5,612, 
486; 5,387,742; 5,720,936; 5,850,003; 5,877,015, and 5,811, 
633, and in Ganes et al., 1995, Nature 373:523. Preferred are 
animals that exhibit characteristics associated with the 
pathophysiology of AD. Administration of the compound 
inhibitors of the invention to the transgenic mice described 
herein provides an alternative method for demonstrating the 
inhibitory activity of the compounds. Administration of the 
compounds in a pharmaceutically effective carrier and via an 
administrative route that reaches the target tissue in an 
appropriate therapeutic amount is also preferred. 

Inhibition of beta-secretase mediated cleavage of APP at 
the beta-secretase cleavage site and of A-beta release can be 
analyzed in these animals by measure of cleavage fragments 
in the animals body fluids such as cerebral fluid or tissues. 
Analysis of brain tissues for A-beta deposits or plaques is 
preferred. 
On contacting an APP substrate with a beta-secretase 

enzyme in the presence of an inhibitory compound of the 
invention and under conditions sufficient to permit enzy 
matic mediated cleavage of APP and/or release of A-beta 
from the substrate, the compounds of the invention are 
effective to reduce 0-secretase-mediated cleavage of APP at 
the beta-secretase cleavage site and/or effective to reduce 
released amounts of A-beta. Where such contacting is the 
administration of the inhibitory compounds of the invention 
to an animal model, for example, as described above, the 
compounds are effective to reduce A-beta deposition in brain 
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tissues of the animal, and to reduce the number and/or size 
of beta amyloid plaques. Where Such administration is to a 
human subject, the compounds are effective to inhibit or 
slow the progression of disease characterized by enhanced 
amounts of A-beta, to slow the progression of AD in the, 
and/or to prevent onset or development of AD in a patient at 
risk for the disease. 

Unless defined otherwise, all scientific and technical 
terms used herein have the same meaning as commonly 
understood by one of skill in the art to which this invention 
belongs. All patents and publications referred to herein are 
hereby incorporated by reference for all purposes. 

BIOLOGY EXAMPLES 

Example A 

Enzyme Inhibition Assay 
The compounds of the invention are analyzed for inhibi 

tory activity by use of the MBP-C125 assay. This assay 
determines the relative inhibition of beta-secretase cleavage 
of a model APP substrate, MBP-C125SW, by the com 
pounds assayed as compared with an untreated control. A 
detailed description of the assay parameters can be found, 
for example, in U.S. Pat. No. 5,942,400. Briefly, the sub 
strate is a fusion peptide formed of maltose binding protein 
(MBP) and the carboxy terminal 125 amino acids of APP 
SW, the Swedish mutation. The beta-secretase enzyme is 
derived from human brain tissue as described in Sinha et.al, 
1999, Nature 40:537-540) or recombinantly produced as the 
full-length enzyme (amino acids 1-501), and can be pre 
pared, for example, from 293 cells expressing the recombi 
nant cDNA, as described in WO00/47618. 

Inhibition of the enzyme is analyzed, for example, by 
immunoassay of the enzyme’s cleavage products. One 
exemplary ELISA uses an anti-MBP capture antibody that is 
deposited on precoated and blocked 96-high binding plates, 
followed by incubation with diluted enzyme reaction super 
natant, incubation with a specific reporter antibody, for 
example, biotinylated anti-SW 192 reporter antibody, and 
further incubation with streptavidin/alkaline phosphatase. In 
the assay, cleavage of the intact MBP-C125SW fusion 
protein results in the generation of a truncated amino 
terminal fragment, exposing a new SW-192 antibody-posi 
tive epitope at the carboxy terminus. Detection is effected by 
a fluorescent Substrate signal on cleavage by the phos 
phatase. ELISA only detects cleavage following Leu 596 at 
the Substrate’s APP-SW 751 mutation site. 

Specific Assay Procedure 
Compounds are diluted in a 1:1 dilution series to a 

six-point concentration curve (two wells per concentration) 
in one 96-plate row per compound tested. Each of the test 
compounds is prepared in DMSO to make up a 10 milli 
molar stock solution. The stock solution is serially diluted in 
DMSO to obtain a final compound concentration of 200 
micromolar at the high point of a 6-point dilution curve. Ten 
(10) microliters of each dilution is added to each of two 
wells on row C of a corresponding V-bottom plate to which 
190 microliters of 52 millimolar NaOAc, 7.9% DMSO, pH 
4.5 are pre-added. The NaOAc diluted compound plate is 
spun down to pellet precipitant and 20 microliters/well is 
transferred to a corresponding flat-bottom plate to which 30 
microliters of ice-cold enzyme-substrate mixture (2.5 micro 
liters MBP-C125SW substrate, 0.03 microliters enzyme and 
24.5 microliters ice cold 0.09%TX100 per 30 microliters) is 
added. The final reaction mixture of 200 micromolar com 
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pound at the highest curve point is in 5% DMSO, 20 
millimolar NaAc, 0.06% TX100, at pH 4.5. 
Warming the plates to 37 degrees C. starts the enzyme 

reaction. After 90 minutes at 37 degrees C., 200 microliters/ 
cold specimen diluent is added to stop the reaction and 20 5 
microliters/was transferred to a corresponding anti-MBP 
antibody coated ELISA plate for capture, containing 80 
microliters/specimen diluent. This reaction is incubated 
overnight at 4 degrees C. and the ELISA is developed the 
next day after a 2 hour incubation with anti-192SW anti 
body, followed by Streptavidin-AP conjugate and fluores 
cent Substrate. The signal is read on a fluorescent plate 
reader. 

Relative compound inhibition potency is determined by 
calculating the concentration of compound that showed a 
fifty-percent reduction in detected signal (ICs) compared to 
the enzyme reaction signal in the control S with no added 
compound. In this assay, the compounds of the invention 
exhibited an ICs of less than 50 micromolar. 

10 

15 

Example B 2O 

Cell Free Inhibition Assay Utilizing a Synthetic APP 
Substrate 
A synthetic APP substrate that can be cleaved by beta 

secretase and having N-terminal biotin and made fluorescent 
by the covalent attachment of oregon green at the Cys 
residue is used to assay beta-secretase activity in the pres 
ence or absence of the inhibitory compounds of the inven 
tion. Useful substrates include the following: 

25 

Biotin-SEVNL-DAEFRC oregon green KK 

Biotin-SEVKM-DAEFRC oregon green KK 

Biotin-GLNIKTEEISEISY-EVEFRC oregon green KK 

Biotin-ADRGLTTRPGSGLTNIKTEEISEVNL-DAEFRC oregon green KK 

Biotin-FVNQHLCoxGSHLVEALY-LVCoxGERGFFYTPKAC oregon green KK 

40 
The enzyme (0.1 nanomolar) and test compounds 

(0.001-100 micromolar) are incubated in pre-blocked, low 
affinity, black plates (384) at 37 degrees for 30 minutes. The 
reaction is initiated by addition of 150 millimolar substrate 
to a final volume of 30 microliter per. The final assay 
conditions are: 0.001-100 micromolar compound inhibitor; 
0.1 molar sodium acetate (pH 4.5): 150 nanomolar substrate; 
0.1 nanomolar soluble beta-secretase; 0.001% Tween 20, 
and 2% DMSO. The assay mixture is incubated for 3 hours 
at 37° C., and the reaction is terminated by the addition of so 
a saturating concentration of immunopure Streptavidin. After 
incubation with streptavidin at room temperature for 15 
minutes, fluorescence polarization is measured, for example, 
using a LJL Acquirest (Ex485 nm/Em330 nm). The activity 
of the beta-secretase enzyme is detected by changes in the 
fluorescence polarization that occur when the Substrate is 
cleaved by the enzyme. Incubation in the presence or 
absence of compound inhibitor demonstrates specific inhi 
bition of beta-secretase enzymatic cleavage of its synthetic 
APP substrate. In this assay, compounds of the invention 
exhibited an IC50 of less than 50 micromolar. 

45 
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Example C 

Beta-secretase Inhibition: P26-P4'SW Assay 
Synthetic Substrates containing the 0-secretase cleavage 

site of APP are used to assay beta-secretase activity, using 

65 
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the methods described, for example, in published PCT 
application WO00/47618. The P26-P4'SW substrate is a 
peptide of the sequence: (biotin)CGGADRGLTTRPGS 
GLTNIKTEEISEVNLDAEF (SEQ ID NO: 6) The P26 P1 
standard has the sequence: (biotin)CGGADRGLTTRPGS 
GLTNIKTEEISEVNL SEQ ID NO: 7 

Briefly, the biotin-coupled synthetic substrates are incu 
bated at a concentration of from about 0 to about 200 
micromolar in this assay. When testing inhibitory com 
pounds, a Substrate concentration of about 1.0 micromolar is 
preferred. Test compounds diluted in DMSO are added to 
the reaction mixture, with a final DMSO concentration of 
5%. Controls also contain a final DMSO concentration of 
5%. The concentration of beta secretase enzyme in the 
reaction is varied, to give product concentrations with the 
linear range of the ELISA assay, about 125 to 2000 pico 
molar, after dilution. 
The reaction mixture also includes 20 millimolar sodium 

acetate, pH 4.5, 0.06% Triton X100, and is incubated at 37 
degrees C. for about 1 to 3 hours. Samples are then diluted 
in assay buffer (for example, 145.4 nanomolar Sodium 
chloride, 9.51 millimolar sodium phosphate, 7.7 millimolar 
sodium azide, 0.05% Triton X405, 6 g/liter bovine serum 
albumin, pH 7.4) to quench the reaction, then diluted further 
for immunoassay of the cleavage products. 

Cleavage products can be assayed by ELISA. Diluted 
samples and standards are incubated in assay plates coated 
with capture antibody, for example, SW 192, for about 24 

SEQ ID NO: 1) 

SEQ ID NO: 2 

SEQ ID NO: 3 

SEQ ID NO : 4) 

SEQ ID NO: 5 

hours at 4 degrees C. After washing in TTBS buffer (150 
millimolar sodium chloride, 25 millimolar Tris, 0.05% 
Tween 20, pH 7.5), the samples are incubated with strepa 
vidin-AP according to the manufacturer's instructions. After 
a one hour incubation at room temperature, the samples are 
washed in TTBS and incubated with fluorescent substrate 
solution A (31.2 g/liter 2-amino-2-methyl-1-propanol, 30 
mg/liter, pH 9.5). Reaction with streptavidin-alkaline phos 
phate permits detection by fluorescence. Compounds that 
are effective inhibitors of 0-secretase activity demonstrate 
reduced cleavage of the Substrate as compared to a control. 

Example D 

Assays. Using Synthetic Oligopeptide-substrates 
Synthetic oligopeptides are prepared that incorporate the 

known cleavage site of beta-secretase, and optionally detect 
able tags, such as fluorescent or chromogenic moieties. 
Examples of Such peptides, as as their production and 
detection methods are described in U.S. Pat. No: 5,942,400, 
herein incorporated by reference. Cleavage products can be 
detected using high performance liquid chromatography, or 
fluorescent or chromogenic detection methods appropriate 
to the peptide to be detected, according to methods known 
in the art. 
By way of example, one such peptide has the sequence 

SEVNL-DAEF (SEQ ID NO: 8), and the cleavage site is 
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between residues 5 and 6. Another preferred substrate has 
the sequence ADRGLTTRPGSGLTNIKTEEISEVNL 
DAEF (SEQ ID NO: 9), and the cleavage site is between 
residues 26 and 27. 

These synthetic APP substrates are incubated in the pres 
ence of beta-secretase under conditions sufficient to result in 
beta-secretase mediated cleavage of the Substrate. Compari 
Son of the cleavage results in the presence of the compound 
inhibitor to control results provides a measure of the com 
pounds inhibitory activity. 

Example E 

Inhibition of Beta-secretase Activity-cellular Assay 
An exemplary assay for the analysis of inhibition of 

beta-secretase activity utilizes the human embryonic kidney 
cell line HEKp293 (ATCC Accession No. CRL-1573) trans 
fected with APP751 containing the naturally occurring 
double mutation Lys651 Met52 to Asnó51 Leu652 (num 
bered for APP751), commonly called the Swedish mutation 
and shown to overproduce A-beta (Citron et.al., 1992, 
Nature 360:672–674), as described in U.S. Pat. No. 5,604, 
102. 
The cells are incubated in the presence/absence of the 

inhibitory compound (diluted in DMSO) at the desired 
concentration, generally up to 10 micrograms/ml. At the end 
of the treatment period, conditioned media is analyzed for 
beta-secretase activity, for example, by analysis of cleavage 
fragments. A-beta can be analyzed by immunoassay, using 
specific detection antibodies. The enzymatic activity is mea 
Sured in the presence and absence of the compound inhibi 
tors to demonstrate specific inhibition of beta-secretase 
mediated cleavage of APP substrate. 

Example F 

Inhibition of Beta-secretase in Animal Models of AD 
Various animal models can be used to screen for inhibi 

tion of beta-secretase activity. Examples of animal models 
useful in the invention include, but are not limited to, mouse, 
guinea pig, dog, and the like. The animals used can be wild 
type, transgenic, or knockout models. In addition, mamma 
lian models can express mutations in APP, such as APP695 
SW and the like described herein. Examples of transgenic 
non-human mammalian models are described in U.S. Pat. 
Nos. 5,604,102, 5,912,410 and 5,811,633. 
PDAPP mice, prepared as described in Games et al., 

1995, Nature 373:523-527 are useful to analyze in vivo 
Suppression of A-beta release in the presence of putative 
inhibitory compounds. As described in U.S. Pat. No. 6, 191, 
166, 4 month old PDAPP mice are administered compound 
formulated in vehicle, such as corn oil. The mice are dosed 
with compound (1–30 mg/ml; preferably 1–10 mg/ml). After 
time, e.g., 3–10 hours, the animals are sacrificed, and brains 
removed for analysis. 

Transgenic animals are administered an amount of the 
compound inhibitor formulated in a carrier suitable for the 
chosen mode of administration. Control animals are 
untreated, treated with vehicle, or treated with an inactive 
compound. Administration can be acute, i.e., single dose or 
multiple doses in one day, or can be chronic, i.e., dosing is 
repeated daily for a period of days. Beginning at time 0, 
brain tissue or cerebral fluid is obtained from selected 
animals and analyzed for the presence of APP cleavage 
peptides, including A-beta, for example, by immunoassay 
using specific antibodies for A-beta detection. At the end of 
the test period, animals are sacrificed and brain tissue or 
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cerebral fluid is analyzed for the presence of A-beta and/or 
beta-amyloid plaques. The tissue is also analyzed for necro 
sis. 
Animals administered the compound inhibitors of the 

invention are expected to demonstrate reduced A-beta in 
brain tissues or cerebral fluids and reduced beta amyloid 
plaques in brain tissue, as compared with non-treated con 
trols. 

Example G 

Inhibition of A-beta Production in Human Patients 
Patients suffering from Alzheimer's Disease (AD) dem 

onstrate an increased amount of A-beta in the brain. AD 
patients are administered an amount of the compound inhibi 
tor formulated in a carrier suitable for the chosen mode of 
administration. Administration is repeated daily for the 
duration of the test period. Beginning on day 0, cognitive 
and memory tests are performed, for example, once per 
month. 

Patients administered the compound inhibitors are 
expected to demonstrate slowing or stabilization of disease 
progression as analyzed by changes in one or more of the 
following disease parameters: A-beta present in CSF or 
plasma; brain or hippocampal Volume; A-beta deposits in the 
brain; amyloid plaque in the brain; and scores for cognitive 
and memory function, as compared with control, non-treated 
patients. 

Example H 

Prevention of A-beta Production in Patients at Risk for 
AD 

Patients predisposed or at risk for developing AD are 
identified either by recognition of a familial inheritance 
pattern, for example, presence of the Swedish Mutation, 
and/or by monitoring diagnostic parameters. Patients iden 
tified as predisposed or at risk for developing AD are 
administered an amount of the compound inhibitor formu 
lated in a carrier suitable for the chosen mode of adminis 
tration. Administration is repeated daily for the duration of 
the test period. Beginning on day 0, cognitive and memory 
tests are performed, for example, once per month. 

Patients administered the compound inhibitors are 
expected to demonstrate slowing or stabilization of disease 
progression as analyzed by changes in one or more of the 
following disease parameters: A-beta present in CSF or 
plasma; brain or hippocampal Volume; amyloid plaque in the 
brain; and scores for cognitive and memory function, as 
compared with control, non-treated patients. 

EXAMPLES 

The following detailed examples describe how to prepare 
the various compounds and/or perform the various processes 
of the invention and are to be construed as merely illustra 
tive, and not limitations of the preceding disclosure in any 
way whatsoever. Those skilled in the art will promptly 
recognize appropriate variations from the procedures both as 
to reactants and as to reaction conditions and techniques. 
PREPARATION 1 tert-Butyl (1S)-3-bromo-1-(3,5-difluo 
robenzyl)-2-oxopropylcarbamate (III) 

N-methyl-morpholine (5.83 M1, 53 mmole, 1.05 eq.) is 
added to (2S)-2-[(tert-butoxycarbonyl)amino-3-(3,5-dif 
luorophenyl)propanoic acid (II, 15 g, 50 mmole) in THF 
(100 mL) and the reaction is cooled to -78. Isobutyl 
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chloroformate (6.87 mL, 53 mmole, 1.05 eq) is added 
rapidly. The cold bath is then removed and the mixture 
stirred for 1 hr. The reaction was monitored by TLC to insure 
completion of the reaction and the mixture is then filtered 
and washed with dry THF (50 ml) and kept cold in the 
filtered flask at -20°. 

In a ice-salt bath is placed a 500 ml graduate cylinder 
containing ether (200 mL) and aqueous potassium hydroxide 
(40%. 60 ml). 1-methyl-3-nitro-1-nitrosoguanidine (5.6 g. 
106 mmole, 2.1 eq.) is added slowly with stirring and 
temperature kept below zero degree. The mixture turned 
yellow and the bubbling lasted for 10 minutes. The stirring 
is stopped and without mixing the layers, the top diaz 
omethane ethereal layer is transferred with non-ground tip 
pipette into the stirred mixed anhydride mixture at -20°. The 
reaction is monitored by TLC (ethyl acetate/hexane, 50/50: 
R, 0.69). After 1 hour nitrogen is then bubbled into the 
mixture. The solvent is removed under reduced pressure 
(with heat) and the mixture is partitioned between ether and 
water. The phases are separated, the organic phase is washed 
with bicarbonate, Saline, dried over anhydrous Sodium Sul 
fate, filtered, and solvent removed under reduced pressure 
(with heat). The residue is dissolved in ether (100 mL) and 
hydrobromous acid (48%, 15 mL, 135 mmole, 2.7 eq) is 
added at -20°, the cold bath is removed and the mixture is 
stirred for another half hour. The reaction is monitored by 
TLC (ethyl acetate/hexane, 50/50: R, 0.88). The mixture is 
partitioned between ether and water, washed with bicarbon 
ate, Saline, dried over anhydrous Sodium Sulfate, filtered, and 
the solvent removed. The residue is recrystallized from 
ethanol to give the title compound, TLC (ethyl acetate/ 
hexane, 50/50) R-0.88; MS (MH)–379.3 
PREPARATION 2 tert-Butyl (1S,2S)-3-bromo-1-(3,5-dif 
luorobenzyl)-2-hydroxypropylcarbamate (IV) 

Sodium borohydride (1.32 g, 34.9 mmole, 1.1 eq.) is 
added to tert-Butyl (1S)-3-bromo-1-(3,5-difluorobenzyl)-2- 
oxopropylcarbamate (III, PREPARATION 1, 12 g, 31.75 
mmole) dissolved in absolute alcohol (500 mL) -78°. The 
reaction mixture is stirred for 30 minutes and monitored by 
TLC (ethyl acetate/hexane, 20/80; R, 0.2). The mixture is 
quenched with water (10 mL) and the solvent removed 
under reduced pressure with heat (not exceeding 30) to 
dryness. The solid is partitioned between dichloromethane 
and water, washed with Saline, dried over anhydrous sodium 
sulfate. The solvent is removed under reduced pressure to 
give the title compound, TLC (ethyl acetate/hexane, 20/80) 
R-0.2: MS (MH)–381.2 
PREPARATION 3 tert-Butyl (1S)-2-(3,5-difluorophenyl)-1- 
(2S)-oxiranylethylcarbamate (V) 
tert-Butyl (1S,2S)-3-bromo-1-(3,5-difluorobenzyl)-2-hy 

droxypropylcarbamate (IV, PREPARATION 2) is dissolved 
in absolute alcohol (150 mL) and ethyl acetate (100 mL) and 
potassium hydroxide (2.3 g., 34.9 mmole, 1.1 eq.) in ethyl 
alcohol (85%, 5 mL) is added at -20°. The cold bath is then 
removed and the mixture stirred for 30 minutes. The reaction 
is monitored by TLC (ethyl acetate/hexane, 20/80). When 
the reaction is complete, it is diluted with dichloromethane 
and extracted, washed with water, Saline, dried over anhy 
drous sodium sulfate and the solvent removed under reduced 
pressure. The crude material is purified by flash chromatog 
raphy on silica gel to give the title compound, TLC (ethyl 
acetate/hexane, 20/80) R-03; MS (MH)–300.4. 
PREPARATION 4 Benzyl (1S)-3-chloro-1-(3,5-difluo 
robenzyl)-2-oxopropylcarbamate (III) 

Following the general procedure of PREPARATION 1 
and making non critical variations but starting with the CBZ 
protecting group and using hydrochloric acid, the title com 
pound is obtained. 
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PREPARATION 5 Benzyl (1S,2S)-3-chloro-1-(3,5-difluo 
robenzyl)-2-hydroxypropylcarbamate (IV) 

Following the general procedure of PREPARATION 2 
and making non critical variations but starting with benzyl 
(1S)-3-chloro-1-(3,5-difluorobenzyl)-2-oxopropylcarbam 
ate (III, PREPARATION 4), the title compound is obtained. 
PREPARATION 6 Benzyl (1S)-2-(3,5-difluorophenyl)-1- 
(2S)-oxiranylethylcarbamate (V) 
Following the general procedure of PREPARATION 3 

and making non critical variations but starting with benzyl 
(1S, 2S)-3-chloro-1-(3,5-difluorobenzyl)-2-hydroxypropyl 
carbamate (IV, PREPARATION 5), the title compound is 
obtained. 

PREPARATION 7 tert-Butyl (1S,2R)-1-(3,5-difluoroben 
Zyl)-2-hydroxy-3-(3-methoxybenzyl)aminopropylcarbam 
ate (VII) 

tert-Butyl (1S)-2-(3,5-difluorophenyl)-1-(2S)-oxiranyl 
ethylcarbamate (V, PREPARATION 3, 245 mg, 0.82 mmol) 
is suspended in isopropyl alcohol (6 mL) and 3-methoxy 
benzylamine (160 uL. 1.22 mmol) is added with stirring at 
20–25°. This mixture is heated to gentle reflux (bath temp 
85) under nitrogen for 2 hr., whereupon the resulting 
mixture is concentrated under reduced pressure to give the 
title compound. The title compound is purified by flash 
chromatography (2–5% methanol/methylene chloride; gra 
dient elution) to give purified title compound. 

PREPARATION 8 tert-Butyl (1S,2R)-1-benzyl-2-hydroxy 
3-(3-methoxybenzyl)aminopropylcarbamate (VII) 

Boc 
N N 
H H 

OH 

OMe 

tert-Butyl 1-(2-oxiranyl)-2-phenylethylcarbamate (V. 
commercially available, 20 g, 76 mmole) is dissolved in 
i-propanol (380 ml). To this mixture is added 3-methoxy 
benzyl amine (49 ml, 380 mmole). The reaction mixture is 
heated to reflux for 1 hr (when HPLC indicated complete 
reaction). The reaction mixture is concentrated under 
reduced pressure and the residue is treated with hexane (500 
ml). The product is isolated by filtration. The mother liquors 
are concentrated under reduced pressure to give additional 
crude material which is partitioned between ethyl acetate (50 
ml) and water (50 ml). The mixture is acidified with con 
centrated hydrochloric acid (to pH-4), the organic phase is 
separated and washed with water, Saline, dried over sodium 
Sulfate and then concentrated under reduced pressure to give 
additional title compound, M+H=401. 

PREPARATION 9 Benzyl (1S,2R)-1-benzyl-2-hydroxy-3- 
(3-methoxybenzyl)aminoethyl carbamate (VII) 
Following the general procedure of PREPARATION 7 

and making non-critical variations but using benzyl 1-(2- 
oxiranyl)-2-phenyl carbamate (V), as the epoxide, the title 
compound is obtained. 
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PREPARATION 10 Methyl (2Z)-2-(benzyloxy)carbonyl 
3-(3,5-difluorophenyl)-2-propenonate (XXII) 

CHO 
NHCBZ 

CHO 1s n 
P COCH3 He 

CHO1 \ 
F F O 

CH3OC NH-CBZ. 

F 

F 

3,5-Difluorobenzaldehyde (XX, 2.87 g., 0.02 moles, 1 eq) 
and THF (100 mL) are mixed and cooled to about 0. 
N-(Benzyloxycarbonyl)phosphonyl-glycinetrimethylester 
(XXI, 8.7 g., 0.026 moles, 1.3 eq) is added to the 3.5- 
difluorobenzaldehyde (XX)/THF mixture. This is followed 
by 1,1,3,3-tetramethyl quanidine (4.0 mL, 0.032 moles, 1.56 
eq) added dropwise. The reaction is stirred for 5 min at 0° 
then allowed to warm to 20–25°. After 2 hr., the reaction is 
complete (by TLC analysis) at which time water (100 mL) 
and ethyl acetate (100 mL) are added. The phases are 
separated and the aqueous phase is extracted with ethyl 
acetate (100 mL) and the combined organic phases are 
washed with saline (100 mL), dried over sodium sulfate, 
filtered and concentrated under reduced pressure to give a 
crude Solid. The Solid is purified by Silica gel chromatog 
raphy (ethyl acetate/hexanes; 15/85) to give the title com 
pound, mp=1129: NMR (CDC1) & 7.19, 7.06, 6.86, 6.15, 
6.43, 4.97 and 3.69; CMR (CDC1) & 165.56, 164.54, 
164.41, 162.07, 137.39, 136.02, 128.97, 128.80, 128.62, 
128.57, 128.47, 126.25, 112.57, 112.38, 105.22, 104.97, 
104.72, 68.17 and 53.33. Additional material is recovered 
that is a mixture of E and Z olefins. 

PREPARATION 11 methyl (2S)-2-(benzyloxy)carbonyl 
amino-3-(3,5-difluorophenyl)propanoate (II) 

CHOC NHCBZ 

F 

F 

CBIN-coch 
E F 

F 

Methyl (2Z)-2-(benzyloxy)carbonyl-3-(3,5-difluo 
rophenyl)-2-propenonate (XXII, PREPARATION 10, 0.100 
g, 0.228 mmol) and degassed methanol (10 ml) are mixed in 
a 100 mL Hastelloy bomb. The reaction mixture is purged 
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three times with hydrogen (60 psig) and then stirred at 60 
psig hydrogen for 60 min at 20–25°. Then (R,R)-DIPAP)Rh 
(5.2 mg, 3 mole %) is dissolved in methanol (1 mL, 
degassed) is added and the system purged with hydrogen 
(3x60 psig). The contents are then stirred at 20 psig hydro 
gen at 25 overnight at which time the reaction is complete 
as determined by HPLC. The system is then purged and 
filtered to remove the catalyst and the solvent is removed 
under reduced pressure to give the title compound. 
PREPARATION 12 1-tert-butyl (1S,2R)-1-(3,5-difluo 
robenzyl)-2-hydroxy-3-(3-iodobenzyl)aminopropylcar 
bamate (VII) 

F 

F 

Boc 
n N N 
H H 

OH 

I 

tert-Butyl (1S)-2-(3,5-difluorophenyl)-1-(2S)-oxiranyl 
ethylcarbamate (V. PREPARATION 3, 1.75 g, 5.8 mmole) is 
mixed with isopropanol (30 ml). The reaction flask is 
charged with 3-iodobenzylamine (VI). The reaction mixture 
is heated to reflux for 45 minutes, HPLC analysis indicates 
complete disappearance of the epoxide (V). The reaction 
mixture is concentrated under reduced pressure and the 
residue is partitioned between ethyl acetate (150 ml) and 
aqueous hydrochloric acid (3%, 35 ml). The organic phase 
is separated and washed with aqueous hydrochloric acid 
(3%, 20 ml), bicarbonate, saline and dried over sodium 
Sulfate. Concentration under reduced pressure gives the title 
compound, M+H=535. 
PREPARATION 13 1-9H-fluoren-9-ylmethyl (2R,3S)-3-(3- 
t-butyloxycarbonyl)amino-4-(3,5-difluorophenyl)-2-hy 
droxybutyl(3'-iodobenzyl)carbamate hydrochloride 
(XXXIV) 

F 

F 

Boc 
n N N 
H 

OH Fmoc 

1-tert-butyl (1S,2R)-1-(3,5-difluorobenzyl)-2-hydroxy-3- 
(3-iodobenzyl)aminopropylcarbamate (VII, PREPARA 
TION 12, 2.5g, 4.7 mmole) and triethylamine (0.72 ml, 5.1 
mmole) in THF (10 ml) are mixed. The reaction is cooled to 
0° and treated with FMOC (1.2g, 4.7 mmole) in THF (2 ml) 
via addition funnel. After 15 minutes HPLC indicates com 
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plete disappearance of starting material. The reaction is 
diluted with ethyl acetate and washed with aqueous potas 
sium bisulfate, Saturated aqueous bicarbonate, Saline and 
dried over sodium sulfate. Concentration under reduced 
pressure gives crude product which is purified by flash 
chromatography, eluting with ethyl acetate/hexane (20/80) 
followed by ethyl acetate to give the title compound, 
M-H=757. 

PREPARATION 14 1-9H-fluoren-9-ylmethyl (2R,3S)-3- 
amino-4-(3,5-difluorophenyl)-2-hydroxybutyl(3-iodoben 
Zyl)carbamate hydrochloride (XXXV) 

HCI 

HN 

OH Fmoc 

1-9H-fluoren-9-ylmethyl (2R.3S)-3-(3-t-butyloxycarbo 
nyl)amino-4-(3,5-difluorophenyl)-2-hydroxybutyl(3'-iodo 
benzyl)carbamate hydrochloride (XXXIV, PREPARATION 
13, 2.9 g) in hydrochloric acid/dioxane (4N, 10 ml). The 
mixture is stirred 1 hour then slowly poured into rapidly 
stirring ether (200 ml). The product is filtered and dried to 
give the title compound, M+H=657. 

PREPARATION 151-9H-fluoren-9-ylmethyl (2R,3S)-4-(3, 
5-difluorophenyl)-2-hydroxy-3-(5-oxo-5-(1-piperidinyl) 
pentanoyl)aminobutyl (3-iodobenzyl)carbamate (XXXVI) 

F 

O O F 

-----, N 
H 

OH Fmoc 

HOBt (81 mg, 0.6 mmole) and EDC (105 mg 0.55 
mmole) are added to 1-carboxy-5-piperdinylglutaramide 
(IX, 100 mg, 0.5 mmole) in DMF (2 ml). The acid is 
activated 60 minutes then treated with 1-9H-fluoren-9- 
ylmethyl (2R,3S)-3-amino-4-(3,5-difluorophenyl)-2-hy 
droxybutyl(3-iodobenzyl)carbamate hydrochloride (XXXV. 
PREPARATION 14, 300 mg, 0.43 mmole) and NMM (0.19 
ml. 1.72 mmole). The reaction is stirred 3 hrs then concen 
trated under reduced pressure. The residue is partitioned 
between ethyl acetate and Saturated aqueous bicarbonate. 
The organic phases are washed with aqueous potassium 
bisulfate, saline, dried over sodium sulfate and finally con 
centrated under reduced pressure to give crude product. 
Purification via flash chromatography with ethyl acetate/ 
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hexane (50/50) then methanol/ethyl acetate (10/90) gives the 
title compound, M+H=838 g/m. 

PREPARATION 16 1-N-(1S,2R)-1-(3,5-difluorobenzyl)- 
2-hydroxy-3-(3-iodobenzyl)aminopropyl-5-oxo-5-(1-pi 
peridinyl)pentanamide trifluroacetate X 

F 

O O F 

----- N 
H 

OH H 

TFA I 

1-N-(1S,2R)-1-(3,5-difluorobenzyl)-2-hydroxy-3-(3- 
iodobenzyl)aminolpropyl-5-oxo-5-(1-piperidinyl)pentana 
mide trifluroacetate (XXXVI, PREPARATION 15, 240 mg, 
0.29 mmole is dissolved in diethylamine (10%, 9 ml) in 
methylene chloride. The reaction is stirred at 20–25 over 
night. Next morning the reaction is concentrated under 
reduced pressure and the residue is redissolved in methylene 
chloride and purified by preparative reverse phase HPLC. 
The appropriate fractions are pooled and concentrated under 
reduced pressure and partitioned between ethyl acetate and 
saline. The organic phase is separated and dried over sodium 
Sulfate and concentrated to give the title compound, 
M+H=614. 

PREPARATION 17 1-tert-butyl (2R,3S)-3-benzyloxycarbo 
nylamino-2-hydroxy-4-phenylbutyl(3-methoxybenzyl) car 
bamate (XXXIV) 

n N N 
H 

OH Boc 

OMe 

1-benzyl (1S,2R)-1-benzyl-2-hydroxy-3-(3-methoxy 
benzyl)aminopropylcarbamate hydrochloride (VII, 
PREPARATION 9, 8.16 g., 18.8 mmole) is mixed with THF 
(150 ml). The reaction mixture is cooled to 0° and treated 
with triethylamine (2.9 ml, 20.6 mmole) and di-t-butyl 
pyrocarbonate (4.1 g, 18.8 mmole). The reaction mixture is 
stirred at 20–25° for 3 hours. The reaction mixture is 
concentrated under reduced pressure and the residue is 
partitioned between ethyl acetate and aqueous citric acid 
(5%). The organic phase is separated and washed with 
saturated aqueous bicarbonate, Saline, dried over sodium 
sulfate and concentrated to give the title compound (96% 
purity by HPLC). 
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PREPARATION 18 1-tert-butyl (2R,3S)-3-amino-2-hy 
droxy-4-phenylbutyl (3-methoxybenzyl) carbamate (XXXV) 

HN N 

OH Boc 

OMe 

1-tert-butyl (2R.3S)-3-benzyloxycarbonylamino-2-hy 
droxy-4-phenylbutyl (3-methoxybenzyl) carbamate 
(XXXIV. EXAMPLE 1, 9.47g), palladium-on-carbon (wet, 
5%, 1.9 g) and methanol (95 ml) are added to a 300 ml 
Fisher Porter bottle. The reaction mixture is charged with 
hydrogen (50 psi) and hydrogenated for 1.2 hours until gas 
uptake ceased. The reaction mixture is filtered thru celite and 
concentrated under reduced pressure to give the title com 
pound, M+H=401. 

PREPARATION 19 1-Benzyl (1S)-1-({(1S,2R)-1-benzyl 
3-(tert-butoxycarbonyl)(3-methoxybenzyl)amino-2- 
hydroxypropylamino)carbonyl-4-oxo-4-(1-piperidinyl) 
butylcarbamate (XXXVI) 

OH Boc 

OMe 

1-(2S)-2-(Benzyloxy)carbonyl)amino-5-oxo-5-(1-pip 
eridinyl)pentanoic (IX, 1.1 g), HOBt (0.64 g, 1.5 eq) and 
EDC (700 mg, 1.15 eq) and DMF (4 ml) are mixed. The acid 
is activated for 20 minutes and then treated with 1-tert-butyl 
(2R,3S)-3-amino-2-hydroxy-4-phenylbutyl(3-methoxyben 
Zyl) carbamate (XXXV. EXAMPLE 2, 1.3 g) and NMM 
(0.65g, 2 eq) in DMF (4 ml). The reaction mixture is stirred 
14 hours then concentrated under reduced pressure. The 
residue is partitioned between ethyl acetate and saturated 
aqueous bicarbonate. The organic phase is separated and 
washed with aqueous potassium bisulfate, saline, dried over 
Sodium Sulfate and concentrated under reduced pressure to 
give crude product. The crude product is purified via flash 
chromatography eluting with ethyl acetate (100%) to give 
the title compound, M+H=731. 
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PREPARATION 20 (2R)-2-Carbobenzyloxyamino-N-(1S, 
2R)-1-benzyl-2-hydroxy-3-(3-methoxybenzyl)aminopro 
pyl-5-oxo-5-piperidin-1-ylpentanamide hydrochloride X 

O HCI 

O 1s NH OH uCl N NH - NH ~ -n- o1 
O r 

A 50 ml round bottom flask was charged with 1-benzyl 
(1S)-1-({(1S,2R)-1-benzyl-3-(tert-butoxycarbonyl)(3- 
methoxybenzyl)amino]-2-hydroxypropylamino)carbonyl 
4-oxo-4-(1-piperidinyl)butylcarbamate (XXXVI, 
EXAMPLE 3, 100 mg) in dioxane/hydrochloric acid (4 N, 
4 ml). The reaction is stirred 15 minutes when HPLC 
analysis indicates complete de-protection. The reaction mix 
ture is concentrated under reduced pressure. The crude 
product is chased with acetonitrile (5 ml) then methylene 
chloride (5 ml). The resulting hydrochloride salt is dried 
under reduced pressure, to give the title compound, 
M+H=631. 

PREPARATION 21 1-tert-butyl (1S,2R)-1-benzyl-2-hy 
droxy-3-(3-methoxybenzyl)aminopropylcarbamate 
(XXXIV) 

OMe 

tert-Butyl (1S, 2R)-1-benzyl-2-hydroxy-3-(3-methoxy 
benzyl)aminolpropylcarbamate (VII, PREPARATION 8, 
19.2g, 48 mmole) in THF (100 ml). The reaction mixture is 
cooled to 0° and treated with N-benzyloxy carbonyloxysuc 
cinamide (11.9 g, 48 mmole) while maintaining temperature 
<5°. The reaction mixture is stirred overnight and in the 
morning is concentrated under reduced pressure. The resi 
due is partitioned between ethyl acetate and Saturated aque 
ous bicarbonate. The organic phase is separated and washed 
with citric acid (5%), saline, dried over sodium sulfate and 
concentrated. The crude product is purified by preparatory 
HPLC eluting with a gradient of from 20/80–50/50 ethyl 
acetate. To give the title compound, M+H=534. 
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PREPARATION 22 (2R,3S)-3-amino-2-hydroxy-4-phenyl 
butyl (3-methoxybenzyl)carbamate hydrochloride. (XXXV) 

HCI 

HN N 

OMe 

1-tert-butyl (1S,2R)-1-benzyl-2-hydroxy-3-(3-methoxy 
benzyl)aminolpropylcarbamate (XXXIV, EXAMPLE 5, 5.4 
g) and dioxane-hydrochloric acid (20 ml. 4 N) are mixed. 
The reaction mixture is stirred at 20–25° for 30 minutes then 

poured into stirred ether (300 ml). The product is filtered and 
dried under reduced pressure to give the title compound, 
M+H=435. 

PREPARATION 23 tert-butyl (2R,3S)-4-(3,5-difluorophe 
nyl)-2-hydroxy-3-({3-(1-propylbutyl)sulfonyl 
alanyl)amino)butyl(3-ethylbenzyl)carbamate (LXXXVII) 

O 

s N 
O O NH, OH Boc 

Methyl 2-acetamidoacrylate (LXXX, 5.0 g, 34 mmole) 
and 4-mercaptoheptane (4.6 g., 34 mmole) in methanol (50 
ml) are mixed. Triethylamine (3.6 g. 36 mmole) is added and 
the mixture is stirred at 20–25° for 45 minutes. The reaction 

vessel is then treated with oxone (47.2g, 77 mmole). After 
90 minutes HPLC indicated complete oxidation to the 
desired sulfone (LXXXII). The reaction mixture is filtered 
and concentrated under reduced pressure. The residue is 
partitioned between ethyl acetate and water and the organic 
phase is separate and is washed with saline, dried over 
Sodium sulfate, and concentrated under reduced pressure to 
give methyl N-acetyl-3-(1-propylbutyl)sulfonylalaninate 
(LXXXII), M+H=308 g/m. 

Methyl N-acetyl-3-(1-propylbutyl)sulfonylalaninate 
(LXXXII, 9.2 g) in acetic acid (50 ml) and concentrated 
hydrochloric acid (50 ml). The mixture is refluxed for 4 
hours then concentrated under reduced pressure. The residue 
is chased with toluene (2x) then vacuum dried overnight to 
give 3-(1-propylbutyl)sulfonylalanine hydrochloride salt 
(LXXXIII). 
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3-(1-Propylbutyl)sulfonylalanine (LXXXIII, 7.8 g. 27 

mmole) and N-CBZ succinamide (7.4 g., 30 mmole) are 
mixed in methylene chloride (100 ml). The reaction is 
cooled to 0°, and NMM (6.9 g) is added dropwise. The 
reaction is allowed to warm to 20–25° and stirred for 4 hours 
at which point HPLC analysis indicated complete reaction. 
The reaction mixtue is concentrated under reduced pressure 
and partitioned between ethyl acetate and hydrochloric acid 
(1 N). The organic phase is washed with water, saline, dried 
over Sodium sulfate, and concentrated under reduced pres 
sure to give N-(benzyloxy)carbonyl-3-(1-propylbutyl)sul 
fonylalanine (LXXXIV) that is used without further puri 
fication, M+H=386. 

N-(benzyloxy)carbonyl-3-(1-propylbutyl)sulfonylala 
nine (LXXXIV, 4.0 g, 10 mmole) and (2R.3S)-3-amino-4- 
(3,5-difluorophenyl)-1-(3-ethylbenzyl)aminobutan-2-ol 
dihydrochloride (1.2g, 12 mmole) are mixed in anhydrous 
methylene chloride (50 ml). To the reaction mixture is added 
NMM (5.6 ml, 51 mmole), hydroxybenzotriazole (1.7g, 13 
mmole) and lastly 1-(3-dimethylaminopropyl)-3-ethylcar 
bodiimide hydrochloride (3.1 g (16 mmole). After stirring at 
20–25° for 3 hours, HPLC analysis indicates complete 
reaction. The reaction mixture is diluted with methylene 
chloride and washed with saturated sodium bicarbonate 
Solution, citric acid (0.5 M), and Saline. The organic phase 
is dried over sodium sulfate, filtered, and concentrated under 
reduced pressure to give N-(benzyloxy)carbonyl-N'- 
(1S,2R)-1-(3,5-difluorobenzyl)-3-(3-ethylbenzyl)amino 
2-hydroxypropyl)-3-(1-propylbutyl)sulfonylalaninamide 
(LXXXV). 

N'-(benzyloxy)carbonyl-N'-(1S,2R)-1-(3,5-difluo 
robenzyl)-3-(3-ethylbenzyl)amino-2-hydroxypropyl-3- 
(1-propylbutyl)sulfonylalaninamide (LXXXV) is dis 
solved in anhydrous methylene chloride. The mixture is 
cooled to 0° and di-tert-butyl dicarbonate (2.5g, 12 mmole) 
and N-methyl morpholine (1.2 ml, 11 mmole) are added. 
The reaction mixture is allowed to warm to 20–25° and 
stirred for 18 hours at which point HPLC analysis indicates 
complete reaction. The reaction mixture is diluted with 
methylene chloride and washed with saturated sodium bicar 
bonate Solution, and saline. The phases are separated and the 
organic phase is dried over Sodium Sulfate, filtered, and 
concentrated under reduced pressure. The concentrate is 
purified on silica gel by flash chromatography using a 
gradient solvent of ethyl acetate/hexane (5/94 to 40/60) to 
give N-(benzyloxy-)carbonyl)-N'-(1S,2R)-N-(t-buty 
loxy)carbonyl-1-(3,5-difluorobenzyl)-3-(3-ethylbenzyl) 
amino-2-hydroxypropyl)-3-(1-propylbutyl)sulfonyl-D.L- 
alaninamide (LXXXVI), M+Na=824. 

N'-(benzyloxy-)carbonyl-N'-(1S,2R)-N-(t-butyloxy) 
carbonyl-1-(3,5-difluorobenzyl)-3-(3-ethylbenzyl)amino 
2-hydroxypropyl)-3-(1-propylbutyl)sulfonyl-D.L-alanina 
mide (LXXXVI, 3.4g, 4.2 mmole) in methanol (50 ml) is 
added to a Fisher-Porter bottle. After degassing with nitro 
gen, palladium on carbon (5% Pd/C, 1.6 g. Degussa E101 
50% water) is added. The reaction vessel is purged with 
nitrogen (40 psi, 4x) then pressurized to 50 psi with hydro 
gen. After 15 minutes, HPLC analysis indicates complete 
reaction. The catalyst is removed by filtration through celite, 
and the filtrate concentrated under reduced pressure to give 
N'-(1S,2R)-N-(t-butyloxy)carbonyl-1-(3,5-difluoroben 
Zyl)-3-(3-ethylbenzyl)amino-2-hydroxypropyl)-3-(1-pro 
pylbutyl)sulfonyl-D.L-alanine (LXXXVII), M+H=668. 
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PREPARATION 24 N'-(1S,2R)-1-(3,5-difluorobenzyl)-3- 
(3-ethylbenzyl)amino]-2-hydroxypropyl)-N-tetrahydro 
pyran-4-yloxycarbonyl-3-(1-propylbutyl)sulfonyl-D.L- 
alaninamide trifluoroacetate (X-LXXXIX) 

-O- r 
CFCOH 

Tetrahydro-4H-pyran-4-ol (1.0 g, 9.8 mmole) is mixed 
with acetonitrile (50 ml). Di-(N-succinimidyl)carbonate (3.5 
g, 13.5 mmole) is then added and stirred for 42 hours at 
20–25°. The reaction mixture is then concentrated under 
reduced pressure, redissolved in ethyl acetate, and washed 
with aqueous hydrochloric acid (1 N), saturated sodium 
bicarbonate Solution, and saline. The phases are separated 
and the organic phase is dried over sodium sulfate, filtered, 
and concentrated under reduced pressure. The crude mate 
rial is recrystallized from hot ethyl acetate and hexane to 
give 1-(tetrahydro-2H-pyran-4-yloxy)carbonyl 
oxypyrrolidine-2,5-dione, M+Na=266. 

N'-(1S,2R)-N-(benzyloxy)carbonyl)-1-(3,5-difluo 
robenzyl)-3-(3-ethylbenzyl)amino-2-hydroxypropyl-3- 
(1-propylbutyl)sulfonyl-D.L-alanine (LXXXVII, 
EXAMPLE 101, 251 mg, 0.31 mmole) is mixed with 
1-(tetrahydro-2H-pyran-4-yloxy)carbonyl 
oxypyrrolidine-2,5-dione (100 mg) in methylene chloride 
(3 ml). Triethylamine (70 ul, 0.51 mmole) is added and the 
mixture stirred at 20–25 overnight. The reaction mixture is 
diluted with ethyl acetate and washed with citric acid (5%), 
saturated Sodium bicarbonate solution, and Saline. The 
phases are separated and the organic phase is dried over 
Sodium sulfate, filtered, and concentrated under reduced 
pressure. The crude material is purified by reverse phase 
HPLC using a gradient solvent of acetonitrile in water with 
0.5% trifluoroacetic acid to give of N'-(1S,2R)-N-(ben 
Zyloxy)carbonyl-1-(3,5-difluorobenzyl)-3-(3-ethylbenzyl) 
amino]-2-hydroxypropyl)-N'-tetrahydropyran-4-yloxyl 
carbonyl)-3-(1-propylbutyl)sulfonyl-D.L-alaninamide 
(LXXXVIII, M+H=830. 

N'-(1S,2R)-N-(benzyloxy)carbonyl)-1-(3,5-difluo 
robenzyl)-3-(3-ethylbenzyl)amino]-2-hydroxypropyl)-N'- 
{Itetrahydropyran-4-yloxycarbonyl)-3-(1-propylbutyl) 
sulfonyl-D.L-alaninamide (LXXXVIII, 163 mg, 0.20 
mmole) in methanol/tetrahydrofuran (1/1, 10 ml) is added to 
a Fisher-Porter bottle. After degassing with nitrogen, palla 
dium on carbon (5% Pd/C, 88 mg, Degussa E101 50% 
water) is added. The reaction vessel is purged with 40 psi 
nitrogen (4x) then pressurized to 50 psi with hydrogen. After 
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25 minutes, HPLC analysis indicates the reaction is com 
plete. The catalyst is removed by filtration through celite, 
and the filtrate concentrated under reduced pressure. The 
crude material is purified by reverse phase HPLC using a 
gradient solvent of acetonitrile in water with 0.5% trifluo 
roacetic acid to give N'-(1S,2R)-1-(3,5-difluorobenzyl)-3- 
(3-ethylbenzyl)amino]-2-hydroxypropyl)-N-tetrahydro 
pyran-4-yloxycarbonyl-3-(1-propylbutyl)sulfonyl-D.L- 
alaninamide trifluoroacetate (X-LXXXIX), M+H=696. 

PREPARATION 25 N'-(1S,2R)-1-(3,5-difluorobenzyl)-3- 
(3-ethylbenzyl)amino]-2-hydroxypropyl)-N'-(4-methoxy 
benzoyl)-3-(1-propylbutyl)sulfonyl-D.L-alaninamide 
hydrochloride (X-LXXXIX) 

F 

F 

-Cl O 
S N N 
M \, H H 
O O HN OH 

O 

HCI 

OCH 

N'-(1S,2R)-N-(t-benzyloxy)carbonyl-1-(3,5-difluo 
robenzyl)-3-(3-ethylbenzyl)amino-2-hydroxypropyl-3- 
(1-propylbutyl)sulfonyl-D.L-alanine (LXXXVII, 
EXAMPLE 101, 150 mg, 0.22 mmole) in methylene chlo 
ride (1 ml). p-anisoyl chloride (32 ul, 0.22 mmole) and 
4-methylmorpholine (60 ul, 0.55 mmole) are added. After 
stirring at 20–25 for 10 minutes, HPLC indicates the 
reaction is complete. The reaction mixture is diluted with 
ethyl acetate and washed with saturated sodium bicarbonate 
Solution, citric acid (5%) and Saline. The phases are sepa 
rated and the organic phase is dried over Sodium sulfate, 
filtered, and concentrated under reduced pressure. The crude 
material is purified on silica gel using flash chromatography 
(ethyl acetate 20–50% in hexane as eluant to give N'-(1S, 
2R)-N-(t-butyloxy)carbonyl-1-(3,5-difluorobenzyl)-3-(3- 
ethylbenzyl)-amino]-2-hydroxypropyl)-N'-(4-methoxyben 
Zoyl)-3-(1-propylbutyl)sulfonyl-D.L-alaninamide, 
(LXXXVIII) M+H=802. 

N'-(1S,2R)-N-(t-butyloxy)carbonyl-1-(3,5-difluo 
robenzyl)-3-(3-ethylbenzyl)-amino-2-hydroxypropyl 
N-(4-methoxybenzoyl)-3-(1-propylbutyl)sulfonyl-D.L- 
alaninamide, (LXXXVIII, 114 mg., 0.14 mmole) in 
hydrochloric acid (4 N, 1 ml) in dioxane. After stirring for 
10 minutes at 20–25°, the solvent is removed under reduced 
pressure to give N'-(1S,2R)-1-(3,5-difluorobenzyl)-3-(3- 
ethylbenzyl)amino]-2-hydroxypropyl)-N'-(4-methoxyben 
Zoyl)-3-(1-propylbutyl)sulfonyl-D.L-alaninamide hydro 
chloride, 
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PREPARATION 26 N-1-(1S,2R)-1-(3,5-difluorobenzyl)- 
3-(3-ethylbenzyl)amino-2-hydroxypropyl-N-2-- 

(3R)-5-oxopyrrolidin-3-yl)methylloxycarbonyl-3-(1- 
propylbutyl)sulfonyl-D.L-alaninamide hydrochloride 
(X-LXXXIX) 

F 

F 

-O- S N N an H 
O O HN OH 

O 

n 
HCI K NH 

O 

Di-(N-succinimidyl)carbonate (3.1 g, 12.3 mmole) and 
pyridine (1.7 ml, 21.1 mmole) pyridine is added to (R)— 
(-)-5-(hydroxymethyl)-2-pyrrolidinone (1.0 g, 8.8 mmole) 
in acetonitrile (50 ml). After stirring for 18 hours at 20–25, 
the reaction mixture is concentrated under reduced pressure, 
redissolved in ethyl acetate, and washed with saturated 
Sodium bicarbonate Solution and Saline. The organic phase is 
dried over sodium sulfate, filtered, and concentrated under 
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reduced pressure to give 1-({(2S)-5-oxopyrrolidin-2-yl) 
methoxycarbonyl)oxylpyrrolidine-2,5-dione, M+H=257. 
The compound of example 101 (200 mg, 0.30 mmole) and 

1-({(2S)-5-oxopyrrolidin-2-yl)methoxycarbonyl)oxy 
pyrrolidine-2,5-dione (108 mg 0.45 mmole) are mixed in 
methylene chloride (5 ml). To the reaction mixture is added 
triethylamine (60 ul, 0.45 mmole) and stirred at 20–25° 
overnight. The reaction mixture is diluted with ethyl acetate 
and washed with citric acid (5%), saturated sodium bicar 
bonate solution, and saline. The organic phase is dried over 
Sodium sulfate, filtered, and concentrated under reduced 
pressure. The crude material was purified by reverse phase 
HPLC using a gradient solvent of acetonitrile in water with 
0.5% trifluoroacetic acid to give N'-(1S,2R)--1-(3,5-dif 
luorobenzyl)-3-(N-(t-butyloxy)carbonyl)-(3-ethylbenzyl) 
amino]-2-hydroxypropyl)-N'-((3R)-5-oxopyrrolidin-3- 
yl)methyloxycarbonyl-3-(1-propylbutyl)sulfonyl-D.L- 
alaninamide, M+H=809. 

N'-(1S,2R)--1-(3,5-difluorobenzyl)-3-(N-(t-buty 
loxy)carbonyl)-(3-ethylbenzyl)amino-2-hydroxypropyl 
N-II (3R)-5-oxopyrrolidin-3-yl)methyl-oxylcarbonyl 
3-(1-propylbutyl)sulfonyl-D.L-alaninamide (247 mg, 0.31 
mmole) is mixed with dioxane (2 ml, 4N hydrochloic acid). 
After stirring for 10 minutes at 20–25°, the solvent was 
removed under reduced pressure to give the title compound, 
M-H=709. 

The following compounds in table 1 are prepared essen 
tially according to the procedures described in the schemes, 
examples and preparations set forth herein. The names in 
table 1 were generated at least in part by using the Advanced 
Chemistry Development Inc. (ACD) nomenclature program, 
IUPAC Name Batch Version 4, 4.5 or 5, or Chemdraw Ultra 
versions 6.0 or 6.02. 

TABLE 1. 

Structure 

F 

O F 

1N1 as i N N 

| is' OH H 
O 

Low 

Res 

Mass 

Spec 

Compound Name(s) M - H 

3-(butylsulfinyl)-N-1- 
{(1S,2R)-1-(3,5- 
difluorobenzyl)-3-(3- 
ethylbenzyl)amino-2- 
hydroxypropyl-N-2- 
(methoxy)carbonyl-D- 
alaninamide 

568 




























































































































































































































